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DECLARATION OF AVI ASHKENAZL Ph.D UNDER 37 C.F.R. S 1.132 

I, Avi Ashkenazi, Ph.D. declare and say as follows: - 

1 . I am Director and Staff Scientist at the Molecular Oncology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in 1988 as a postdoctoral fellow. Since then, I have 
investigated a variety of cellular signal transduction mechanisms, including apoptosis, and have 
developed technologies to modulate such mechanisms as a means of therapeutic intervention in 
cancer and autoimmune disease. I am currently involved in the investigation of a series of 
secreted proteins over-expressed in tumors, with the aim to identify useful targets for the 
development of therapeutic antibodies for caiicer treatment. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A), 

4. Gene amplification is a process in which chromosomes undergo changes to 
contain multiple copies of certain genes that normally exist as a single copy, and is an important 
factor in the pathophysiology of cancer. AmpUfication of certain genes (e.g., Myc or Her2/Neu) 



gives cancer cells a growth or survival advantage relative to normal cells, and might also provide 
a mechanism of tumor cell resistance to chemotherapy or radiotherapy. 

5. If gene amplification results in over-expression of the mRNA and the 
corresponding gene product, then it identifies that gene product as a promising target for cancer 
therapy, for example by the therapeutic antibody approach. Even in the absence of over- 
expression of the gene product, ampUfication of a cancer marker gene - as detected, for example, 
by the reverse transcriptase TaqMan® PGR or the fluorescence in situ hybridization (FISH) 
assays -is useful in the diagnosis or classification of cancer, or in predicting or monitoring the 
efficacy of cancer therapy. An increase in gene copy number can result not only from 
intrachromosomal changes but also firom chromosomal aneuploidy. It is important to understand 
that detection of gene ampUfication can be used for cancer diagnosis even if the determination 
includes measurement of chromosomal aneuploidy. Indeed, as long as a significant difference 
relative to normal tissue is detected, it is irrelevant if the signal originates from an increase in the 
number of gene copies per chromosome and/or an abnormal number of chromosomes. 

6. I understand that according to the Patent Office, absent data demonstrating that 
the increased copy number of a gene in certain types of cancer leads to increased expression of 
its product, gene ampUfication data are insufficient to provide substantial utiUty or well 
estabUshed utility for the gene product (the encoded polypeptide), or an antibody specifically 
binding the encoded polypeptide. However, even when ampUfication of a cancer marker gene 
does not result in significant over-expression of the corresponding gene product, this very 
absence of gene product over-expression still provides significant information for cancer 
diagnosis and treatment. Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel monitoring of gene 
amplification and gene product over-expression enables more accurate tumor classification and 
hence better determination of suitable therapy. In addition, absence of over-expression is crucial 
information for the practicing clinician. If ia gene is amplified but the corresponding gene 
product is not over-expressed, the cUnician accordingly will decide not to treat a patient with 
agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or beUef are believed to be true, and further that 
these statements were made with the knowledge that willful false statements and the like so 



made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 
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Personal: 

Date of birth: 

Address: 

Phone: 

Fax: 

Email: 



29 November, 1956 

1456 Tarrytown Street, San Mateo, CA 94402 
(650) 578-9199 (home); (650) 225-1853 (office) 
(650) 225-6443 (office) 
aa@gene.com 



Education: 

1983: 
1986: 

Employment: 

1983-1986: 
1985-1986: 
1986 - 1988: 

. 1988 - 1989: 

1989 - 1993: 
1994 -1996: 

1996- 1997: 

1997- 1990: 
1999 -2002: 
2002-present: 



B.S. in Biochemistry, with honors, Hebrew University, Israel 
Ph.D. in Biochemistry, Hebrew University, Israel 



Teaching assistant, undergraduate level course in Biochemistry 
Teaching assistant, graduate level course on Signal Transduction 
Postdoctoral fellow, Hormone Research Dept., UCSF, and 
Developmental Biology Dept., Genentech, Inc., with J. Ramachandran 
Postdoctoral fellow. Molecular Biology Dept., Genentech, Inc., 
with D. Capon 

Scientist, Molecular Biology Dept.,. Genentech, Inc. 
Senior Scientist, Molecular Oncology Dept., Genentech, Inc. 
Senior Scientist and Interim director. Molecular Oncology Dept., 
Genentech, Inc. 

Senior Scientist and preclinical project team leader, Genentech, Inc. 

Staff Scientist in Molecular Oncology, Genentech, Inc. 

Staff Scientist and Director in Molecular Oncology, Genentech, hic. 



Awards: 
1988: 



First prize, The Boehringer Ingelheim Award 
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Editorial: 

Editorial Board Member: Current Biology 
Associate Editor, Clinical Cancer Research. 
Associate Editor, Cancer Biology and Therapy. 

Refereed papers: 

1 . Gertler, A., Ashkenazi. A., and Madar, Z. Binding sites for human growth 
hormone and ovine and bovine prolactins in the mammary gland and Uver of the 
lactating cov*^. Mol. Cell Endocrinol. 34, 5 1-57 (1984). 

2. Gertler, A., Shamay, A., Cohen, N., Ashkenazi. A. . Friesen, H., Levanon, A., 
Gorecki, M., Aviv, H., Hadari, D., and Vogel, T. Inhibition of lactogenic 
activities of ovine prolactin and human growth hormone (hGH) by a novel form of 
a modified recombinant hGH. Endocrinology 11%, 12^-126 (\9Z6). 

3. Ashkenazi. A., Madar, Z., and Gertler, A. Partial purification and characterization 
of bovine mammary gland prolactin receptor. Mol. Cell. Endocrinol. 50, 79-87 
(1987). 

4. Ashkenazi. A. . Pines, M., and Gertler, A. Down-regulation of lactogenic 
hormone receptors in Nb2 lymphoma cells by cholera toxin. Biochemistry 
Intematl. 14, 1065-1072 (1987). 

5. Ashkenazi. A. . Cohen, R., and Gertler, A. Characterization of lactogen receptors 
in lactogenic hormone-dependent and independent Nb2 lymphoma cell lines. 
FEBS Lett. 210, 51-55 (1987). 

6. Ashkenazi. A.. Vogel, T., Barash, L, Hadari, D., Levaribn, A., Gorecki, M., and 
Gertler, A. Comparative study on in vitro and in vivo modulation of lactogenic 
and somatotropic receptors by native human growth hormone and its modified 
recombinant analog. Endocrinology 121, 414-419 (1987). 

7. Peralta, E., Winslow, J., Peterson, G., Smith, D., Ashkenazi. A. . Ramachandran, 
J., Schimerlik, M., and Capon, D. Primary structure and biochemical properties 
of an M2 muscarinic receptor. Science 236, 600-605 (1987). 

8. Peralta, E. Ashkenazi. A.. Winslow, J., Smith, D., Ramachandran, J., and Capon, 
D. J. Distincnt primary structures, ligand-binding properties and tissue-specific 
expression of four human muscarinic acetylcholine receptors. EMBO J. 6, 3923- . 
3929(1987). 

9. Ashkenazi. A. . Winslow, J., Peralta, E., Peterson, G., Schimerlik, M., Capon, D., 
and Ramachandran, J. An M2 muscarinic receptor subtype coupled to both 
adenylyl cyclase and phosphoinositide turnover. Science 238, 672-675 (1987). 
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10. Pines, M., Ashkenazi, A., Cohen-Chapnik, N., Binder, L., and Gertler, A. 
Inhibition of the proUferation of Nb2 lymphoma cells-by femtomolar 
concentrations of cholera toxin and partial reversal of the effect by 12-o- 
tetradecanoyl-phorbol-13-acetate. J. Cell. Biochem. 37, 119-129 (1988). 

1 1 . Peralta, E Ashkenazi. A.. Winslow, J. Ramachandran, J., and Capon, D. 
Differential regulation of PI hydrolysis and adenylyl cyclase by muscarinic 
receptor subtypes. Nature 334, 434-437 (1988). 

12. Ashkenazi.. A. Peralta, E., Winslow, J., Ramachandran, J ., and Capon, D. 
Functionally distinct G proteins couple different receptors to PI hydrolysis in the 
same cell. Cell 56, 487-493 (1989). 

13. Ashkenazi. A.. Ramachandran, J., and Capon, D. Acetylcholine analogue 
stimulates DNA synthesis in brain-derived cells via specific muscarinic 
acetylcholine receptor subtypes. Nature 340, 146-150 (1989). 

14. Lammare, D., Ashkenazi. A.. Fleury, S., Smith, D., Sekaly, R., and Capon, D. 
The MHC-binding and gpl20-binding domains of CD4 are distinct and separable. 
Science 245, 743-745 (1989). 

15. Ashkenazi.. A., Presta, L., Marsters, S., Camerato, T., Rosenthal, K., Fendly, B., 
and Capon, D. Mapping the CD4 binding site for human immunodefficiency 
virus type 1 by alanine-scaimiiig mutagenesis. Proc. Natl. Acad. Sci. USA. 87, 
7150-7154(1990). 

16. Chamow, S., Peers, D., Bym, R., Mulkerrin, M., Harris, R., Wang, W., Bjorkman, 
P., Capon, D., and Ashkenazi. A; Enzymatic cleavage of a CD4 immunoadhesin 
generates crystallizable, biologically active Fd-like firagments. Biochemistry 29, 
9885-9891 (1990). 

17. Ashkenazi. A.. Smitii, D., Marsters, S., Riddle, L., Gregory, T., Ho, D., and 
Capon, D. Resistance of primary isolates of human immunodefficiency virus type 
1 to soluble CD4 is independent of CD4-rgpl20 binding affmity. Proc. Natl. 
Acad. Sci. USA. 88, 7056-7060 (1991). 

1 8. Ashkenazi. A.. Marsters, S., Capon, D., Chamow, S., Figari., I., Pennica, D., 
Goeddel., D., Palladino, M., and Smith, D. Protection against endotoxic shock by 
a tumor necrosis factor receptor immunoadhesin. Proc. Natl. Acad. Sci. USA. 88, 
10535-10539 (1991). 

19. Moore, J., McKeating, J., Huang, Y., Ashkenazi. A ., and Ho, D. Virions of 
primary HIV-1 isolates resistant to sCD4 neutralization differ in sCD4 affinity and 
glycoprotein gpl20 retention from sCD4-sensitive isolates. J. Virol. 66, 235-243 
(1992). 
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20. Jin, H., Oksenberg, D., Ashkenazi. A.. Peroutka, S., Duncan, A., Rozmahel., R., 
Yang, Y., Mengod, G., Palacios, J., and O'Dowd, B. Characterization of the 
human 5-hydroxytryptamineiB receptor. J. Biol. Chem. 267, 5735-5738 (1992). 

21. Marsters, A., Frutkin, A., Simpson, N., Fendly, B. and Ashkenazi, A. 
Identification of cysteine-rich domains of the type 1 tumor necrosis receptor 
involved in ligand binding. J. Biol. Chem. 267, 5747-5750 (1992). 

22. Chamow, S., Kogan, T., Peers, D., Hastings, R., Bym, R., and Ashkenazi, A. 
Conjugation of sCD4 without loss of biological activity via a novel carbohydrate- 
directed cross-linking reagent. / Biol. Chem. 267, 15916-15922 (1992). 

23. Oksenberg, D., Marsters, A., O'Dowd, B., Jin, H., Havlik, S., Peroutka, S., and 
Ashkenazi. A. A single amino-acid difference confers major pharmacologic 
variation between human and rodent 5-HT IB receptors. Nature 360, 1 6 1 - 1 63 

(1992) . 

24. Haak-Frendscho, M., Marsters, S., Chamow, S., Peers, D., Simpson, N., and 
Ashkenazi, A. Inhibition of mterferon y by an interferon y receptor 
immunoadhesin. Immunology 79, 594-599 (1993). 

25. Penica, D., Lam, V., Weber, R., Kohr, W., Basa, L., Spelhnan, M., Ashkenazi, 
Shire, S., and Goeddel, D. Biochemical characterization of the extracellular 
domain of the 75-kd tumor necrosis factor receptor. Biochemistry 32, 3131-3138. 

(1993) . 

26. Barfod, L., Zheng, Y., Kuang, W., Hart, M., Evans, T., Cerione, R., and 
Ashkenazi. A. Cloning and expression of a human CDC42 GTPase Activating 
Protein reveals a ftinctional SH3-binding domain. J. Biol. Chem. 268, 26059- 

26062 (1993). 

27. Chamow, S., Zhang, D., Tan, X., Mhtre, S., Marsters, S., Peers, D., Bym, R., 
Ashkenazi. A., and Yunghans, R. A humanized bispecific immunoadhesin- 
antibody that retargets CD3+ effectors to kill HIV- 1 -infected cells. J. Immunol. 
153,4268-4280(1994). 

28. Means, R., Krantz, S., Luna, J., Marsters, S., and Ashkenazi. A. Inhibition of 
murine erythroid colony formation in vitro by iterferdn y and correction by 
interferon y receptor immunoadhesin. Blood 83,911 -9 15(1 994). 

29. Haak-Frendscho, M., Marsters, S., Mordenti, J., Gillet, N., Chen, S., 
an dAshkenazi. A. Inhibition of TNF by a TNF receptor immunoadhesin: 
comparison with an anti-TNF mAb. J. Immunol. 152, 1347-1353 (1994). 
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30. Chamow, S., Kogan, T., Venuti, M., Gadek, T., Peers, D., Mordenti, J., Shak, S., 
and Ashkenazi. A. Modification of CD4 immunoadhesin with monomethoxy- 
PEG aldehyde via reductive alkilation. Bioconj. Chem. 5, 133-140 (1994). 

31. Jin, H., Yang, R., Marsters, S., Bunting, S., Wurm, F., Chamow, S., and 
Ashkenazi. A. Protection against rat endotoxic shock by p55 tumor necrosis factor 
(TNF) receptor urununoadhesin: comparison to anti-TNF monoclonal antibody. J. 
Infect. Diseases 170, 1 323- 1 326 (1 994). 

32. T Margtffrs^ S HarH.s. R.. Ashkenazi. A. , and Chamow, S. Generation of 
soluble interleukin-l receptor from an immunoadhesin by specific cleavage. MoL 
Immunol. 31, 1335-1344 (1994). 

• 33. Pitti, B., Marsters, M., Haak-Frendscho, M., Osaka, G., Mordenti, J., Chamow, S., 
and Ashkenazi. A. Molecular and biological properties of an interleukin-l 
receptor immunoadhesin. A/o/. Immunol. 31, 1345-1351 (1994). 

34. Oksenberg, D., Havlik, S., Peroutka, S., and Ashkenazi. A. The third intracellular 
loop of the 5-HT2 receptor specifies effector coupling. J. Neurochem. 64, 1440- 
1447,(1995). 

35. Bach, E., Szabo, S., Dighe, A., Ashkenazi. A. . Aguet, M., Murphy, K., and 
Schreiber, R. Ligand-induced autoregulation of IFN-y receptor p chain expression 
in T helper cell subsets. Science 270, 1215-1218 (1995). 

36. Jin, H., Yang, R., Marsters, S., Ashkenazi. A.. Bunting, S., Marra, M., Scott, R., 
and Baker, J. Protection against endotoxic shock by bactericidal/permeability- 
increasing protein in rats. J. Clin. Invest. 95, 1947-1952 (1995). 

37. Marsters, S., Penica, D., Bach, E., Schreiber, R., and Ashkenazi. A. Interferon y 
signals via a high-affinity multisubunit receptor complex that contains two types 
of polypeptide chain. Proc. Natl. Acad. Sci. USA. 92, 5401-5405 (1995). 

38. Van Zee, K., Moldawer, L., Oldenburg, H., Thompson, W., Stackpole, S., 
Montegut, W., Rogy, M., Meschter, C, Gallati, H., Schiller, C, Richter, W., 

' Loetcher, H., Ashkenazi. A .. Chamow, S., Wurm, F., Calvano, S., Lowry, S., and 
Lesslauer, W. Protection against letiial E. coU bacteremia in baboons by 
pretreatment witii a 55-kDa TNF receptor-Ig fusion protein, Ro45-2081. J. 
Immunol. 156, 2221-2230 (1996). 

39. Pitti, R., Marsters, S., Ruppert, S., Donahue, C, Moore, A., and Ashkenazi, A. 
Induction of apoptosis by Apo-2 Ligand, a new member of the tumor necrosis 
factor cytokine family. J. Biol. Chem. 271, 12687-12690 (1996). 
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40. Marsters, S., Pitti, R., Donahue, C, Rupert, S., Bauer, K., and Ashkenazi, A. 
Activation of apoptosis by Apo-2 ligand is independent of FADD but blocked by 
CnnA. Curr. Biol. 6, 1669-1676 (1996). 

41. Marsters, S., Skubatch, M., Gray, C., and Ashkenazi. A . Herpesvirus entry 
mediator, a novel member of the tumor necrosis factor receptor family, activates 
the NF-kB and AP-1 transcription factors. Biol. Chem. 272, 14029-14032 
(1997). 

42. Sheridan, J., Marsters, S., Pitti, R., Gumey, A., Skubatch, M., Baldwin, D., 
Ramakrishnan, L., Gray, C, Baker, K., Wood, W.I., Goddard, A., Godowski, P., and 
Ashkenazi. A. Control of TRAIL-induced apoptosis by a family of signaling and 
decoy receptors. Science 277, 8 1 8-82 1 ( 1 997) . 

43. Marsters, S., Sheridan, J., Pitti, R., Gumey, A., Skubatch, M., Balswin, D., Huang. A., 
Yuan, J., Goddard, A., Godowski, P., and Ashkenazi. A. A novel receptor for 
Apo2L/TRAIL contains a truncated death domain. Curr. Biol. 7, 1003-1006 (1997). 

44. Marsters, A., Sheridan, J., Pitti, R., Brush, J., Goddard, A., and Ashkenazi, A. 
Identification of a ligand for the death-domain-containing receptor Apo3. Curr. Biol. 
8,525-528(1998). 

45. Rieger. J., Naumann, U., Glaser, T., Ashkenazi. A ., and Weller, M. Apo2 Ugand: 
a novel weapon against malignant glioma? FEBSLett. 421, 124-128 (1998). 

46. PpnHpr Fsll T Chamow. S.. Ashkenazi. A ., and MacDonald, T. A p55 TNF 
receptor immunoadhesin prevents T cell mediated intestinal injury by inhibiting 
matrix metalloproteinase production. J. Immunol. 160, 4098-4103 (1998). 

47. Pitti, R., Marsters, S., Lawrence, D., Roy, Kischkel, F., M., Dowd, P., Huang, A., 
Donahue, C, Sherwood, S., Baldwin, D., Godowski, P., Wood, W., Gumey, A., 
Hillan, K., Cohen, R., Goddard, A., Botstein, D., and Ashkenazi. A. Genomic 
ampUfication of a decoy receptor for Fas Ugand in lung and colon cancer. Nature 

396, 699-703 (1998). 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi. A ., and Bonavida, B. 
Sensitization of ADDS Kaposi's sarcoma cells to Apo-2 Ugand-induced apoptosis 
by actinomycin D. J. Immunol. 162, 5616-5623 (1999). 

49. Gumey, A. Marsters, S., Huang, A., Pitti, R., Mark, M., Baldwin, D., Gray, A., 
Dowd, P., Brush, J., Heldens, S., Schow, P., Goddard, A., Wood, W., Baker, K., 
Godowski, P., and Ashkenazi. A. Identification of a new member of the tumor 
necrosis factor family and its receptor, a human ortholog of mouse GUR. Curr. 
Biol. 9, 215-218 (1999). 
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50. Ashkenazi. A .. Pai, R., Fong, s., Leung, S., Lawrence, D., Marsters, S., Blackie, 
C, Chang, L., McMurtrey, A., Hebert, A., DeForge, L., Khoumenis, L, Lewis, D., 
Harris, L., Bussiere, J., Koeppen, H., Shahrokh, Z., and Schwall, R. Safety and 
anti-tumor activity of recombinant soluble Apo2 ligand. J. Clin. Invest. 104, 155- 
162(1999). 

5 1 . Chuntharapai, A., Gibbs, V., Lu, J., Ow, A., Marsters, S., Ashkenazi, A., De Vos, 
A., Kim, K.J. Determination of residues involved in Ugand binding and signal 
transmissiion in the human IFN-a receptor 2. /. Immunol. 163, 166-113 (1999). 

52. Johnsen, A.-C., Haux, J., Steinkjer, B., Nonstad, U., Egeberg, K., Sundan, A., 
Ashkenazi. A., and Espevik, T. Regulation of Apo2L/TRAIL expression in NK . 
cells - involvement m NK cell-mediated cytotoxicity. Cytokine 11, 664-672 
(1999). 

53. Roth, W., Isenmann, S., Naumann, U., Kugler, S., Bahr, M., Dichgans, 
Ashkenazi. A., and Weller, M. Eradication of intracranial human malignant 
glioma xenografts by Apo2L/TRAIL. Biochem. Biophys. Res. Commun. 265, 479- 
483(1999). 

54. Hymowitz, S.G., Christinger, H.W., Fuh, G., Ultsch, M., O'Connell, M., Kelley, 
R.F., Ashkenazi. A. and de Vos, A.M. Triggering Cell Death: The Crystal 
Structure of Apo2L/TRAIL in a Complex with Death Receptor 5. Molec. Cell 4, 
563-571 (1999). 

55. Hymowitz, S.G, O'Connel, M.P., Utsch, M.H., Hurst, A., Totpal, K., Ashkenazi, 
A,, de Vos, A.M., Kelley, R.F. A unique zinc-binding site revealed by a high- 
resolution X-ray structure of homotrimeric Apo2L/TRAIL. Biochemistry 39, 633- 
640 (2000). 

56. Zhou, Q., Fukushima, P., DeGraff, W., Mitchell, J.B., Stetler-Stevenson, M., 
Ashkenazi. A., and Steeg, P.S. Radiation and the Apo2L/TRAIL apoptotic 
pathway preferentially inhibit the colonization of premaUgnant human breast 
cancer cells overexpressing cyclin D 1 . Cancer Res. 60, 2611-2615 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chuntharapai, A., Schow, P., Kim, J ., and 
Ashkenazi. A. Apo2L/TRAIL-dependent recruitment of endogenous FADD and 
Caspase-8 to death receptors 4 and 5. Immunity 12, 61 1-620 (2000). 

58. Yan, M., Marsters, S.A., Grewal, I.S., Wang, H., * Ashkenazi. A., and *Dixit, 
V.M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
inununity. A/iafwre /m/wMno/. 1, 37-41 (2000). 



t 



59. Marsters, S.A., Yan, M., Pitti, R.M., Haas, P.E., Dixit, V.M., and Ashkenazi, A. 
Interaction of the TNF homologues BLyS and APRIL with the TNF receptor 
homologues BCMA and TACI. Curr. Biol. 10, 785-788 (2000). 

60. Kischkel, F.C., and Ashkenazi, A . Combining enhanced metabolic labeling with 
immunoblotting to detect interactions of endogenous cellular proteins. 
Biotechniques 29, 506-5 1 2 (2000). 

6 1 . Lawrence, D., Shahrokh, Z., Marsters, S., Achilles, K., Shih, D. Mounho, B., 
Hillan, K., Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S., 
Fox, J., Thomas, D., and Ashkenazi. A. Differential hepatocyte toxicity of 
recombinant Apo2L/TRAIL versions. Nature Med. 7, 383-385 (2001). 

62. Chuntharapai, A., Dodge, K., Grimmer, K., Schroeder, K., Martsters, S.A., 
Koeppen. H.. Ashkenazi. A ., and Kim, K.J. Isotype-dependent inhibition of 
tumor growth in vivo by monoclonal antibodies to death receptor 4. J. Immunol. 

. 166,4891-4898(2001). 

63. Pollack, LF.,Er£f,M., and AshkenazLA. Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
hgand leads to selective killing of glioma cells. Clin. Cancer Res. 7, 1362-1369 
(2001). 

64. Wang, H., Marsters, S.A., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., * Ashkenazi. A ., and *Grewal, I.S. TACI-ligand interactions are 
required for T cell activation and collagen-induced arthritis in mice. Nature 
Immunol. 2, 632-637 (2001). 

65. Kischkel, F.C., Lawrence, D. A., Tuiel, A., Virmani, A., Schow, P., Gazdar, A., 
Blenis, J., Amott, D., and Ashkenazi. A . Death receptor recruitment of 
endogenous caspase-10 and apoptosis initiation in the absence of caspase-8. J. 
Biol. Chem. 276, 46639-46646 (2001). 

66. LeBlahc, H., Lawrence, D.A., Varfolomeev, E., Totpal, K., Morlan, J., Schow, P., 
Fong, S., Schwall, R., Sinicropi, D., and Ashkenazi. A Tumor cell resistance to 
death receptor induced apoptosis through mutational inactivation of the 
proapoptotitc Bcl-2 homolog Bax. Nature Med. 8, 274-281 (2002). 

67. Miller, K., Meng, G., Liu, J., Hurst, A., Hsei, V., Wong,-W-L., Ekert, R., 
Lawrence, D., Sherwood, S., DeForge, L., Gaudreault., Keller,. G., Sliwkowski, 
M., Ashkenazi. A ., and Presta, L. Design, Construction, and analyses of 
multivalent antibodies. J. Immunol. .170, 4854-4861 (2003). 
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68. Varfolomeev, E., Kischkel, F., Martin, F., Wanh, H., Lawrence, D., Olsson, C, 
Tom, L., Erickson, S., French, D., Schow, P., Grewal, I. and Ashkenazi, A. 
Immune system development in APRE^ knockout mice. Submitted. 

Review articles: 

1. - Ashkenazi. A.. Peralta, E., Winslow, J., Ramachandran, J., and Capon, D., J. 

Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. LIII, 263-272 (1988). 

2. Ashkenazi. A .. Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol. Sci. Dec Supplement, 12-21 (1989). 

3. Chamow, S., Duliege, A:, Ammann, A., Kahn, J., Allen, D., Eichberg, J ., Bym, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 immunoadhesins in anti-HIV 
therapy: new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi. A .. Capon, and D. Ward, R. Immunoadhesins. Int. Rev. Immunol. 10, 
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16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 
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26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/TRA]L system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 
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I, Paul Polakis, Ph.D., declare and say as follows: 

1 . I was awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part of this Declaration (Exhibit A). 

2. I am currently employed by Genentech, Inc. where my job title is Staff 
Sci«itist. Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary focus on identifying tumor ceil markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells. 
The purpose of this research is to identify proteins that are abundantly e7q)ressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins'*. When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to tiiat protein. 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In die course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of sciaitific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells, 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microarray analysis 
which has proyen to be extremely usefiil for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in coiresponding normal human cells. To date, we 
have generated antibodies that bind to about 30 of the tumor antigen proteins 
expressed fi-om these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From die mRNA and protein expression analyses described in paragre^h 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations Ave have found that increases in the level of a particular liiRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared vsdth their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and S above and my 
knowledge of the relevant scientific literature, it is my considered scientific 
opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While there have been 
published reports of genes for which such a correlation does not exist, it is my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
tme and that all statements made on information or belief are believed to be true, 
and further that these statements were made vdth the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
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Sir: 

I, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1 . I am a Senior Ginical Scientist at the Experimental Medicine/BioOncology , Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1 993 and 200 1 , 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3. My scientific Cxmiculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 
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4, I am familiar with a variety of techniques known in the art for detecting and 
qxiantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PGR (i.e., 
"gene amplification") assay described in the above captioned patent application, 

5, The TaqMan PGR assay is described, for example, in the following scientific 
publications: Higuchi et al. Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al, PGR 
Methods AppL, 4:357-362 (1995) (Exhibit G> and Heid et al. Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successfiil PGR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PGR primers. The extent of 
digestion depends directiy on the amount of PGR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PGR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6, The quantitative fluorescent TaqMan PGR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use oif the quantitative 
TaqMan PGR assay is exemplified by the following scientific publications: Pennica et al., Proc. 
Natl. Acad Sci. USA 95(25):14717.14722 (1998) (Exhibit E); Pitti et al. Nature 
396(6712);699-703 (1998) (Exhibit F) andBieche era/., Int. J. Gancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al have used the quantitative 
TaqMan PGR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PGR assay. Bieche 
et al. used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PGR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i:e., non-tumor) sample is significant and 
usefiil in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PGR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown * 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PGR assay in a turiior sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitormg caiicer development and/or for measuring the eflBcacy of cancer 
therapy. 

8. I declare further that all statements niade herein of my own knowledge are true and 
that all statements made on information and belief are believed} to be true, I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1 00 1 of Title 1 8 of the United States 
Gode, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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PROFESSIONAL EXPERIENCE 



Genentech, Inc. 



1993-present 



South San Francisco, OA 

2001 - present Senior Clinical Scientist 
Experimental Medicine / BibOncology. Medical Affairs . 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 11 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998 r 2001 Senior Scientist 

Head of the DNA Sequencing Laboratory. Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993 - 1998 Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person researcf) facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle managenient and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification, 

• Chromosomal localization of genes encoding novel secreted proteins, 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 



McMaster University 

Hamilton, Ontario, Canada with Dr. G. D, Sweeney 
5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone In C57BI/6J and DBA mice 



EDUCATION 
Ph.D. 

"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene," 
Supervisor: Dr. R. A. Phillips 

Honours B.Sc 

"the in vitro metabolism of the cytochrome P-448 
inducer |j-naphthoflavone in C57BLy6J mice." 
Supervisor: Dr. G. D. Sweeney 



University of Toronto 

Toronto, Ontario, Canada. 1989 

Department of Medical 

Biophysics. 

McMaster University. 

Hamilton, Ontario, Canada. 1983 
Department of Biochemistry 
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ACADEMIC AWARDS 

Imperial Cancer Research Fund Postdoctoral Fellowship 1989-1992 

Medical Research Council Studentship 1983-1988 

NSERC Undergraduate Summer Research Award - 1983 

. Society of Chemical Industry Merit Award (Hons. Biochem.) 1983 

Dr. Hany Lyman Hooker Scholarship 1981-1983 

J.LW. Gill Scholarship 1981-1982 

Business and Professional Women's Club Scholarship 1 980-1 981 

Wyerhauser Foundation Scholarship 1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology L Marco Island, FL, USA. February 
2000 

Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
. Sequencing and Analysis Conference, Miami, FL. USA, September 1998 

The evolution of DNA sequencing: The Genentech. perspective. Bay Area Sequencing Users 
Meeting. Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitlvity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October. 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76^^ Annual Meeting of The 
Endocrine Society, Anaheim. CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocytic leukemia. XV International Association for Comparative Research on 
. Leukemia and Related Disease, Padua, Italy. October 1991 
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PATENTS 

Goddard A. Godowski PJ, Gurney AL, NL2 Tie ligand homologue polypeptide. Patent 
Number: 6.455.496. Date of Patent: Sept. 24. 2002. 

Goddard A. Godowski PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6,426.218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A, Hlllan KJ. Botstein D, Goddard A, Roy M, Ferrara N, Tumas D. 
Schwall R. NL4 Tie ligand honriologue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gurney AL. Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number 6,410.708. Date of Patent:: 
Jun, 25. 2002. 

Botstein DA. Cohen RL. Goddard AD, Gurney AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6.387.657. Date of Patent: May 14. 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372.491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL. Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26. 2002. 

Fong S, Ferrara N. Goddard A. Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348.351. Date of Patent: 
Feb. 19. 2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Pateint Number: 6,348,350. 
Date of Patent: Feb. 1 9. 2002. 

Attie KM, Carlsson LMS. Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6.207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6.074.873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS. Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5.824.642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS. Gesunheit N and Goddard A. Treatment of partial growth honnone 
insensitivity syndrome. Patent Number: 5,646,1 13. Date of Patent: July 8. 1997 

Multiple additional provisional applications filed 



I 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C. Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT. Simmons L, Hillan K. 
Yansura DG. Vandlen RL, Goddard AD and Gurney AL, FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S.. Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 1 35-1 42. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17Rh1. Journal of Biological Chemistry 27B{2): 1660-1664. 

Xie M-H, AgganA^al S. Ho W-H, Foster J, Zhang Z. Stinson J, Wood Wl. Goddard AD and 
Gurney AL (2000) Interieukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S. Lee J, Goddard A, de Vos AM, Gao WQ. Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates, 
binding to two distinct receptors. Sc/ence 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA. Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulIess/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P. Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J, Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J. Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. . 
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Yan M; Lee J, Schilbach S. Goddard A and Dixit V. (1999) mE10, a novel caspase 
recmitment domain-containing proapoptotic molecule. J. BioL Chem, 274(15): 10287-10292. 

Gumey AL, Marsters SA, Huang RM, Pitti RM. Mark DT. Baldwin DT, Gray AM, Dowd P. 
Bnjsh J, Heldens S. Schow P, Goddard AD. Wood.WI, Baker KP. Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9(4): 21 5-21 8. 

Ridgway JBB, Ng E. Kern JA .Lee J, Brush J. Goddard A and Carter P. (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 271 8-2723. 

Pitti RM, Marsters SA. Lawrence DA, Roy M, Kischkel FC, Dowd P. Huang A, Donahue CJ, 
Sherwood SW. Baldwin DT, Godowski PJ, Wood Wl, Gumey AL. Hilian KJ. Cohen RL, 
Goddard AD. Botstein D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703, 

Pennica D, Swanson TA, Welsh JW. Roy MA, Lawrence DA, Lee J, Brush J. Taneyhill LA. 
Deuel B. Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD. 
Hilian KJ, Gumey AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aben-antly expressed in human colon tumors. Proc. NatL Acad. ScL USA. 95(25): 14717- 
14722. 

Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl. Gumey AL 
and Godowski PJ. (1998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular . 
signalling. Nature 395(6699): 284-288. 

Merchant AM, Zhu Z, Yuan JQ, Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient route to human bispecific IgG. Nature Biotechnology 1 6(7): 677-681 . 

Marsters SA. Sheridan JP, Pitti RM, Brush J. Goddard A and Ashkenazi A, (1998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525-528. 

Xie J. Murone M. Luoh SM, Ryan A, Gu Q. Zhang C, Bonifas JM. Lam CW. Hynes M. 
Goddard A, Rosenthal A. Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391(6662): 90-92. 

Marsters SA. Sheridan JP. Pitti RM, Huang A. Skubatch M, Baldwin D, Yuan J. Gurney A. 
Goddard AD. Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2L/TRAIL 
contains a truncated death domain. Current Biology. 7(12): 1003-1006. 

Hynes M, Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor G//-1 Neuron 
19:15-26. 

Sheridan JP, Marsters SA, Pitti RM, Gurney A., Skubatch M, Baldwin D, Ramakrishnan L, 
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We bave enhanced the polymerase ch^n 
reaction (PGR) such that specific I>NA 
sequences can be detected ^wilhiout open- 
ing the reaction^ tube. This enbajacem^ 
^nires the addition of ethidinm binonnde 
(EtBr) to a PGR. Since the fluorescence of 
EcBr increases in tib.e presence of double* 
stranded (d^) DNA an increase in fiaoijes* 
cence in such a PCR indicates a positive 
amplificajdon,' wbich can be eSifiily ntoni* 
toted externally. In iact, amplification can 
be continuously nitfnitoted in <MFder to 
follow its progress. The ability to simulta- 
neously amplify specific DNA semences 
and detect the product of the amplmcation 
both simplifi^ and improves PCR and 
may fsicilitate its automation and more 
widespread use in the clinic or in other 
sltuatwns requiriiig hig^i sample through- 
put 

Although %hc ix>teittlal bjcncfiu of PGR' to.cBu- 
kal dLgnosaca ^rc well kiiown,*'*, it i$ siill net 
widely V5cd 10 this setting, cwa tliough it is 
fcmt- yes^n einco thcrnKW^iblft DNA p^^mer* 
made PCR practical. Some of the r^ons fot its slow. 
RQcepuincc are hSgh cost, tadc of automatkm of pre-? and 
posc*PCR processing »teps» and fake positive results, from 
carryorcr^OntaminatioD, The fim two p<HDts »rc rdated 
in th^it labor is the largest eontributor to cost flit the present ' 
stage of PCR dcvelopmcftL Most Curretit assays rcquitxs 
Bomc foTDQ of "downstpeam" ptocesaing once Aetmocv. 
ding is done in oidcr JO detennine whether the target 
DNA sequence was present aod ha$ amplfficd. Thctit 
induide DNA hybridiwtion**» gel electropliwc*»* ^^kh or 
without useof TOtTiaH^digesdon^.**;HPLCr, or capiilaxy 
clearophoTTjsui*^. These method? arc labor-intense, have 
low (htnitehput, and are difiScuk to automate- The third 
point is a&o ck»dy reiated to downstream processing. 
The handling of the PCk prodiKt in these downstream 
processes increases the chances that ainpiiBed DNA .i'viU . 
spread tbiough the typitig-hh» resulung in a .risk of 



"carryover" fi^be positives in sub5eq[uent testing", 

rhesc downstream processing steps wovld be eUnli- 
nated if specific amplification and detection of amplified 
DNA took place simuEtanconsly within an unopened re- 
action vessel Asf^ys m which $ttch different processes take 
place without, the need to separate reaction coinponents 
have been tertaed •:bomogeneou5''. No truly homogc-. 
ri^os PGR assay has been dl^onstrated to date, akbough 
piogT^ towards ihfe end has been reported* Chehab, et 
aL« developed a PGR product detection scheirtc ufiing 
fluorescent primers that resulted hi a fiuoreficent PCR 
product Ailelc-fipecific primers, cadi v,-ith different Buo- 
reksent tags, were used to indicate the genotype of the 
DNA. Hcrt^ever, the tmincorporaied primers must still be 
removed in a do wnstream process in order to visuaH/i: the 
iresult Recently, HoUahdp et al.*', devetopcd an assay in 
vfhkU the endogenous 5' oxdoudease assay of T^i^ DNA 
potymerase was exploited to ckave a labeled oJigonudeo- 
tide probe. The probe would only dcave if PCR ampfh- 
cation h^d produced its coTOpleoieatary sequence. In 
order to detect die dcavagc piwiucts. however, a subse- 
quent process is again needed. . 

We have developed a ttxily hotnogeneouA assay for PCR 
and PGR prodna detecdbn based upjon the gready in- 
creased fluorescence that etliidium btoinide and other 
DNA binding dyes e^dubit when diey arc bound to.ds- 
' DNA^^". As outbnca in Figure 1; a proiotypic PGR 
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nOOSE I Principle of simultaneous axnpUfiouion and deteaton of . 
PGR produGL The cortipoacnt^ of a PGR toaxMtmtfi EtBr (hat ans 
fluoresqent arelisied-^r itself, EtBr bound toeicbcr ssDNA or 
daDN A. There is « large Suorcscencc cnhanGctneni when EtBr is 
bound to DNA and hmdini" m gi^catly enhanced when DNA is 
douhle-strandcd, Ajfter snmcic^it <n)..cydcs of PGR* the .net 
u)crea!»e m d<it>NA restdts in additionai EtBr bukdiag^« and a net 
iocrcnfle in total HiMOKSCcnisi 
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IWiUkli il Gd dcctrophoreds of KSL aimplificaction products of the 
humau, tiuc&ftr gene, HLA JiQtL, made m the protoGc of 
uicrcasiag amoums of £tBr (up to g F^g^tol). The presence of 
Et3r Ems no obviouy effect on «hc yidW or spcdftoty of amplifi- 

CRUOtl* 



A. 




0 17 
\ \ 



21 
I 



25 29 



cnolc 




R60XE > (A) ItDiOKSceBC^ measurements from PCRs that f2i>iitaii^ 
0.5 K^ml E4Br and th^t 9itt spcdfic fair V^ifOtnoMsoe repeat 
MOiietioe*. Five rn^cate FCR5 were begun contRiiilng csch oi the 
DnA« spedfied, At fzsxh mdkatca cyde. one of the nvp lepikatc 
PCRa for «ch DNA rcniovcd from thermocyding and H* 
fluorescence measured. Unite of fluorescence Arc Aibftxarr. (B) 
UV photography of PGR tul)«« (0,5 ml Eppcndorf^tylc, i}oi)'prO- 
pykne mtct^o^cmrifuKC -tuties} €6nt»mmg reactions, those s^vt^ 
ing firom t ng male DINf A SUid COntro) TcactiQii« iflthotit anv DKA^ 
froan(A), 



begins with prixaen that are singlc-$cniiidcd DNA (ss' 
DNA)» dNTPs, aod DNA polymerase: An' amount of 
dsDNA contaliiitig the target sequence (target DNA) i& 
also typically presenu Th^ amovat can vary, depending 
on the apphcation, from sioj^le-ceU amounts of DNA*^ to 
micro^mji per PCR- , If EtBr ia present^ the rea^tis 
that wiU fluoresce, in order of iOicreasititg iiuorcsccnoe* are 
ft^ EtBr hsdft and EtBr bouiid to the single<«txaiidcd 
DNA ptiniers $itd tn ib<; doublo^tranded target DNA (by 
its btercaladon between the stacked bases of the DNA 
doobJc-hcfix)* After the first denatutatioct cyd^ laigct 
DNA will be largely singte-stranded. After a PGR is 
completcdL die most signiMnt cjtange is the increase in 
the aoiount of dsDNA (the PCR prodtia itself) of up to 
several mkrctgr^ms- Formerly free EtBr is boiiftd to the 
addidotial dsDNA^ rcsultiDg in an increase m fluores- 
cence. There is also some decrease in tbc amovtal of 
ssDNA primer, but bec^u^ ibc bindmg of EtBr to ssDNA 
ts tnuch k$$ than to dsDNA, the eff^^ct of tbts change on 
the total RuoresccncG of the sample is stnalL The Duores- 
cencjC increase can be measured by directing cKdtadon 
illumination throiigb the walls of the amplifi^thm vessel 



before atkl after, or even conijauously duitn)^, Chennocv 
ding, ^' 

RESULTS 

PCR in tibe presence of EtBr. to order to assess the 
jififect of EtBr Jo PGR, ampMcatious of the human Hlj\ 
DQa g^Mie*^ vrere performed with the dye present at 
concentrations from 0,06 to 8,0 >Lg/ml (a typical conceo- 
tradon of EtBr uised in staining of nudeic aods folloiviiig 
g<t ekctrophoresis is 0.5 As 5ho\vn in Figure 2, gel 

elettixi^horcsis ixvcaled little or no dijOcirencc in the yield 
or quality of the ampliScadon product whether EtBr was 
absent or present at any of these concentrations, indicate 
img that Ed^r does not inhibit PCR, 

Deteeticm of hontiia Y-dttomomiHs spedlic 
cpiGRccs^ Sequence-specific^ fiuorcsccnceenhanoement of 
EtBr as a result of PGR was demotistraldd in a series of 
amplifications containing 0.5 |tg/ml EtBr and ptimer^ 
spedfic to repeat DNA sequences found on the hucoatt 
Y-chromosonic*^. These PCRs initially contained dthcr 
60 ng cnale« 60 ng letnalc, 2 ng male human or no DNA/ 
Five replkatc PCRs were begun for each DNA* After 0, 
1 7, 21 , 24 and 29 cydes of themiocyding, a FCR for cadi 
DNA was removed irom the tbermocyder, and its fiuo- 
resceaice measured in a spectTofinorotneter and plotted 
Vs. amplificadon cyde number (Fig. 3 A). The shape of thi^ 
cib-ve reflects the £aict that by the titne an increase in 
fluorescence can be detected, the izicreasc in DNA is 
becoming linear and not exponential with cyde number. 
As shown, the RuoriTocnoc increased aboujt three^fold 
over the b«id;grOand fluorescence for the PCRa fcx>n<ain- 
ing htiman male DNA, but did not signifkantiy increase 
for n.cgadve control PCRs, which contzdned cither no 
DNA or huiiian feznak DNA. The more male DNA 
present to begin with— 60 ng versus 2 ng— the fewer 
cycleis were needed to give a detectable increase in fluo- 
rescence. Cd dectronhoresis oo the products of these 
amplifications showea that DNA fragments of the ex- 
pc<Scd &t?c were made in the male DNA coritajnJng 
reacttofis and that IkUc DNA syntfaesas took place in the 
control samples. 

In addition, the increase in. fluorescence was visualized 
by ^ply laying the completed* unopened PCRs on » W 
transilluminator and photogmpbing d>ccni through a red 
filter. This is shown in figure SB tor the reacdons thai 
ijcgan with 2 ng male DNA and diose with no DNA* 

De«ecti<m of spedfic alkloi of the human fJ-gloWn 
gene. In order to demonstrate that this approach has 
adcqiiate spedGdty to allow genetic screening, a d<bcccuon 
of th^ iicklc^dl anemia mutation was performed. P^ure 
4 shovrs the ftuorescencc from oomipletcd amfMcatioiis 
GoiitaixdBg EtBr (0.S v^fjhitd) At detect^ by photography 
of the reaction cubes on a UV transiUuminator. The^ 
reactions were performed using pnic^kcrR spedftc for d* 
thcr the. wild-tj^ or sickk-celi mutadon of the human 
P^obin getie*^ The spccifkity for each allele imparted 
by piackkg the sickle-mutation site at the terminal V 
nudeotidc of one primer. By using an appropwte primer 
annealing temperature^ prinii^ extcustct^ti'-'^and thus am- 
pli6cat}9n~-<an take place only if the S' nudeotide of 
primtr is cornplciDcntary to the p^^k^in alkHc prcscnt*^*^. 

Eachnair <>f ajutrfjificadons shown in Figure 4 consists of 
a reaction with etcher the wM-type alicfe «^edfic QxA 
tube) or sickle-allele spedfic (right tube) primers. Three 
different DNAs were t^ed: DNA Trom a hotnozygous, 
wild-type ^globin individual (AA); from a heterozygous 
sickle ^^i9b^T1 individual (AS); and from a hotnozygous 
sickle p-^ot^o individual (SS). Each DNA (50 ng gci^omic 
DNA to start c;&ch PGR) was qfialyzcd in tripHcatie (3 pairs 
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^ reactions each). The DNA type vai reflected in the ' 
Liaav<i fluOtesceuce intcnsicie* in each jiair of camped 
^jpplificiitionfi. There was a significant increase in fluores- 
only where a ^-globin aDele DNA matched th€ 
primer «<:t. Whco mcaswrcd oa a spcctroflnoronictcr 
u^tn not shown), this Saofcsccxicc was about three times 
j^t present in a FCR where both p-globxn alleles were 
rtibitiatched to the primer s<x Ccl cicctropharC5«i (noc 
^wn) estabUshcd ihat chts increase in fluorescence was 
<j«e to the syntheids of nearly a mkrogratn o( a DNA 
fra^cnt of the expected size for p-^lobin. There was 
{itdc synthesis of dsDNA in reactions in . which the aQele- 
tfiedi^c primer was mismatched to both alleles. 

Gontiitvoa5 PMimtoring of a PGR^ Using a fiber optic 
dc^K^^"!^ po^ible to dh^ excitation illumination from 
I, opectrofluorometer to a PGR undergoing thcnnocydit^ 
and to rcttirn its fluorcsamce to the Jtpcoroftuoroweter. 
lie fltiorcsocncc readout of such an arrangement, di- 
^ed at an Etfir-containing ampIiBcadon of y<hromo- 
jjpnic specific sequences from 25 ng of Wmsp male DNA» 
U shown in Figure 5. The readout from a control tCR 
wiUi no target DNA is also shown. Thirty cycles of FCR 
vere monitored for each- 

The ftuorcsccncc trace as a fimctton of time dearly 
jihowis the effect of the thermocyding. Fluorescence inten- 
rises and. £aib invcrsdy with temperature. The fluo- 
ivsccncc intenRjiy is minimum at the denaturation tem^ 
peracure (d4'*C) and maadmum at the annealing/extension 
tcmpcrau^ix? (5CrC). In the negative<ontrol FCR, these 
6uorc9Cence maxima and minima do not change signifi- 
csintly over the thirty tbcrroocycks, indkatiiig that diere is 
tHtle dsDNA synthesis without the appropriate target 
DNA, and there is litde if any Weaching of EtBr during 
the continuous ilhiTninatton of the sample. 

In the FOR containing male DNA, the fluorescence 
in2Ddma at the annealing^extfension temperature begjn to 
increase at about 4000 seconds of thermocyding, and 
continue to inax^ase with time, indicating that dsDNA is 
being produced at ? dcteciabie leveL Note that die fluo- 
rescence jnintma at the denatMratbu ttt]»pcn»rure do not 
aigoificaivdy increase* pre^mably because ai this temper- 
ature dierc is no dsDNA for EtBr to bind. Thus the course 
of the amplification is followed by tracking the fluorcs-. 
ccnoe increase at the aunealinj^ temperature. Analysis of 
the pnMfucts of these two amplifications by gel ckctropho- 
rcfus sbow^ A DN A fragment of the cicpectcd size for the 
male DNA containing sample and no detectable DNA 
synthesis for die control sampte. 

DISCUSSION 

Downstream processes sudi as hybridization to a se- 
quence-Apedfic probe can enhance the specifidty of DNA 

dcCCvlivM by PGR. The climUMItKin of UiCAC proCG39C3 

means that' the spccifidiy of this homogeneous assay 
depends solely on dial of fCR. In the case of sickl<^-celi 
dliease, wc b»vc: fihown that PGR alooc has sufficient DNA 
acqucncc specificity to permit genetic screening. Using 
appropriate amplification conditkKiSi there is litUe non- 
spcdfic producdon of dsDNA io the abseikcc of the 
^ipjpropriatc target ^lele. 

The spedfidty required to detect pathogens can be 
more or less than that rcfjuited" to dO ^eiiedc screening, 
depending on the number of pathogens in the samfilc axul 
the amount of other DNA that must be taken with the 
sample. A difficult target te HIV, which requires detection 
of a vir^l genome that can be at the level of a few CQpks 
per thotu^ands of host cells^ Competed with genedc 
acrcenmg, which is performed or cdls jcontaining at least 
one copy of die target sequence^ HIV idctecticin requires 
both more specsfidty and thfe input of more tt>trf 
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|VmC4 UV photography of PCit tubc& GDntaining lunplificsuvns 
using EtBr th^t art spcdtic to wild-type (A) or ficwt CS> alldes of 
die hunum ^-globtn gene. The <M «^J^ 
«Bde»tpedfic pliniers to the wild-type a]Qeles, (he right tube 
primers to the ^cWe attcle- The nhiioMraph wa» tt^ after SO 
cyctes of PGR, arid the input DhfAs airti the aJkte ihgr oomatn 
skT^ mdk^ted. iFl% tog of DNA wi£ used to bedn FCR Typing 
was doac in triplsGatc (3 pairs of FCRs) for cadi mpm DNA: 
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neVRIS Onstianous, rcal-dme monHoimg of « FCR. Afibcr optk 
was U9cd to carry, cxdution light m a Fc;R m progress and aln> 
emitted Urfit back to a fluoromctcr (bcc Ej^pentticntal fttHo^xA). 
AinplificaSoainingiiunian nudo'DNA specific pnipcrs in « PGR 
stmng with 10 ng of hvinaa male DNA {iofh or j» ^ control 
PCRwdioiat DNA (bottom), were roonhoird. Thirty «d« of 
PGR were fcJiow«3 for each. The tempcratun! cycled between 
9«; (dcnatwraticm) and 5(fC Cawmaliog and extension). Note m 
the mde DNA PC^.die c>dle (droc) depttislcot mocasc in 
fluortsocnce U titwS andeafingtexlCDaion teaipetature. 
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DNA-^tp to niicrograin amounts^ a order to have suf« 
6cicnt numbers of ts^tt sequences. This large amount of 
«tajiiag DNA m an ainpU(icatkx3i signt&canUy mcrcases 
the tack^urtd fluomcence over vdwcb my addmonai 
fluorescence produced by PCR must be detected. An 
additional compHcatioii that occurs whh targets ia low 
copy^number is the fonnadoQ of the ^^primer-dimer" 
artif^ict This is the c\s«dt of the cxtensioa of one primer 
using the other primer 9s » template. Although this occurs 
infrequently^ Once it occurs the extension product is a 
substrate for PGR ainplifkation« and can compete i^tth 
true PGR tai)gets if those targets are larc. 'fhe primer- 
dimfrr produa i* of coune d$DNA and thus 15 a potential 
source oi" false sigttal la this homofteneouie aA$ay, 

To Increase PGR spedfsdty ana reduce the eiOTect of 
prinier-diincT anlplifKatitHi, we are inviestigatiiig a num- 
bcr of approaches, indudtng the use of ccsted^primer 
amplUkauonft dial take place in a ^ngie tubc^, and the 
^ot-sun*\ in which nonspecific atnpUficarion tft reduced 
by raising the temperature of the reaction before DNA 
synthesis bcgix»^^ Preliminary resuks using these ap- 
proaches sugj[C«t tbatprhncr-dimCT is effectively reduced 
and it is possible to aelect the incnease in EcBt Auorcs- 
ccncc in a PGR instigated by a single HIV genome in a 
backgroutid of lO* celts. With largo* jiulnbcia^^cetlii, the 
background fiuorcsccnce contributed by genomic DNA 
beconie^ pFoblematic. To reduce tfGs background, it may 
be possiUe to use sequence-^pedfic DNA-binding dyes 
that can be made to prefcrentiaJly l»nd PGR product over 
genomic DNA by incorinirtting the dye-feioding DNA 
sequence into the PGR product oirmigh a 5' ^dd-on" 10 . 
the oligonudeotide primer^'*. 

We have shown that the detection of fluorescctKC 
generated by an EtEr-containing^ PGR is straightforward, 
both once PGR is completed and continuously during 
ihermocycfing. The ease with i^tch automatiofi of spe- 
dfk DNA detection can be accomplished is the xnost 
promising aspect of this assay. The Huorescence analysis 
of completed PGR* is aIrcadytK»$ibIc with cxistiii^ instru- 
mentation in g6-we]l format^. In tliis format^ the fluores- 
cence in each PGR wn be ^uantitated bcfore« after* and 
even at s<dccied points durmg thcrniocyciing by moving 
die rack of PCRs to a 9^microweU plate fluorescence 
reader*^. 

The Instrumentation necessary to continuously monhor 
multiple PCRs simukancouAly is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple ^beroprics tiaasmit the excitation light and 6u- 
orescent emissioEis to and from multiple PCRs. Tlie ability 
to monitor multiple FCRa continuously may allow quan- 
utation of target DNA copy number. Figure 5 showi diat 
the larger the amount of starting target DNA, the sooner 
H tiring PGR a fluorpsrencc incrcajic is dctcrctcd. Prcfinii- 
nary e3q>erimcnts <Higuchi and DoUinger, mamiscripc in 
preparation) with continiious monhonng have ^own a 
$cniutivtty to two^fold dififcrenGcs in initial target DNA 
4:^ncentradon. 

ConversdlY* if the number of target molecules is 
known — as It can be in genetic screening— rcontinuous 
monitoring may provide a means pf detecting false posi- 
tive and false negative result^. With a known number of 
target mdectiks, a true posidve would exhibit detectable 
fluorescence by a predictable number of cycles of PGR. 
Increases in fluores^nce detected before or after that 
eyde would it^dicatc pocendal artifaos* False nc^tivc 
re«uk$ due to, for example,. infaibitson of DNA polymer- 
ase, may be detet:ted by including within each PGR an 
ineiBdendy ^mpVifyij}^ marker. This marker rcAulcs in a 
Auoreficenoe increase oidy a&cr a large number of cy- 
des~-4»any more' than arc necessary to tkcea a true 
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positive- If a saraj^c fails t<J have a fluorescence increase 
alter this many cycks, inhajitton may be suspected. Since, 
in this assay, condusions are drawn based on the presence 
or absebce of fluorCJWtnoe signal alone« such controls inay 
be ImportanL In any event before any test bajSKi on this 
principle is ready for the dinic» an assessment of tt& false 
posidve/false negadve rat&s wOi need to be obtained using 
a large number of known samples. 

fn swmmaT>', th<e inclusion in PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detca spcci&c DNA amplificacton from ouisildtt 
the PGR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PGR 
in applications that dcxnaxid tht h%h throughput of 
samples* 

EXl^ERXMENTAL PROTOCOl. 

Homan HLA-DQcr gtike AmpKficadons cmitainiag EtQr. 
PCRs were set up itllOO )aI volumes containing 10 mM Tris^HQ, 
pH 8.3; 50 mM KO; 4 inM M^Pzi «3 unit* of taa DNA 
polyiucfnsc (Perkirt''Elmer Genu. Nonralk, CT); 20 pniolc each 
of human HtA-DQa'genc spodfic ol^Onucle<Kioe primers 
(H125 and CH27^» and appnMOniatel; 10* copies of DQoi PCK 
ptodua diluted from a previous i'e«Ctkm. Ethkliuai bromide 
^t&n SigttvO was used M the OTnoeatratioiiE indicated in Figure 
2. Thcrmocyding proceeded for 20 cycles in a model 4^ 
dtcrmocydcr (Perkm-Eleticr Ccum, Nonealk^ CT) ufitifra "stcp- 
cydc" program of 94^ for 1 min^ deaatuiation and 6(rG rbr 9O 
sec dnnea&ng and Ti^G for 30 sec. e&tenstOO. 

Y-chcomosomc specific PGR. POtS (JOO |il total reaction 
vdunie) containing Oi* >ifitol JStBr were prepared as descHM 
for H1A-DQ«, except wrax diflercnt primect and (a^ DNAs. 
These PCRs combined J ^ pmote each male DNA-spcciflc pnwet^ 
YI. J and Vl.2*°, and ckhcr 60 ng nralc, 60 ng female, 5? ng male, 
or no human DNA. Thcnnocycling *i^sSK*CToT 1 niin. and 60^ 
for I min wing a "rtcp-cyde* pTMpram. The number of cycles for 
a sample were as mokated in figure 3, (hiorcsGence measure- 
ment M d<Uicribed below. 

Alldc-^pccific^ faaiaan ^-globhi PGR* AmpUficauons of 
100 fil vK^ume* using 0 5 jig/ml of ^^Br were pre?>arcd a* 
described for HLA-XK}*^ above except nith diffcrciU primer* and 
target DNAs. These PGRs cotiuined eJUier. primer pair HGPJ/ 
HfliA <wadHype globin^peciac primci:s) or HGP2/iljil<S (sjdj- 
Ic-giobin spcdSc primers) at 10 pmole <i^ch primer per KJR, 
Hiese primers developed by Wu ct aL=^ Three diffcrei^ 
iacgei DNAik ivere tixcd in separate aoiptifrcatiOns-^O ng ea^h of 
human DNA that was homozygpus for the sitklc trait (5S)« DNA 
dtat was hetcraryRom for the sickle trak (AS), or DNA that 
homoxy^^ for die W.l. ^oWn (AA). Thcrmocycfing WJIS fnr SO 
cycles at 94X1 for 1 min. and 55'Cfor 1 min. it^| a "atcp^ytte" 
program. Att anoealtog temperature of 55*G b*a been .ihovin tjy 
Wn ei aL*' to provide allde-spcdfic awplifidtion* Completed 
PCRs v?ere phcrtographcd dirough a red filter WrMterrSSA) 
after pladng the reac&m tubes »tOp a model twnaiHutJfti- 
nator (UV-prodvUtS Sait*Gahriel, GA)l 

Fhioresc«m:e ineasiiiieiiietit.-naoresoe>>ce nM»surc^ 
fXiade oh PCRs contalnkl£( Et»r in a Fluorolog»2 flttorometcr 
^PEX Edison, NJ). Excitation was at the 500 nm band with 
Ahouf 2 nra bandwiddi with a GG 435 nm i^t-off.ftlwt-jMcUes 
Crist. IncM Irvine. CA) to exclude sccond-ofder U^t wwiitea 
yght wa6 deteacd at 5^0 nm wth a bartdvndil) of about 7 nm* An 
OG 530 fim cut-off BUcr was used to remove ihc excitation hgjst 

CoatltHftou* fl&oraficenGe BxmHorbng of Fdt, Condnu^ 
monitonng oiF a PGR in progress >^ accompiisbed vsmg die 
fipcctrofluorometcr and setdnga describod Above ^ weU as a 
fibcroptie accessory (5PEX caL no. 1950) 10 both send cxcttauon 
Hghi to, and teedve emitted light from, a PGR pteccd m a weU of 
a modd 480 ^eruKKydcr (Pcrkm-Elmer Cetus). The probe end 
of the Rbcroptic caWc was attached vrtli "5 miD iitc-cpoxy' to t^ 
open top of a PGR tube (a 0.5 ml potoropyiem: centrifuge tube 
yA(h iis cap removed) eReawely scafiog The exposed/ top 
the PGR tube and the end of the fibefOpuc caWc were sliicwcd 
from room yght and the room Ijghi* Kerc kept dimmed durmg 
Otcb nip. The monitored PCH was an awpTincadcfn of y<b»o- 
roosome^pedfic repeat wKjweutes *i described above, c»cc|>t 
using.an anncalin^extensknt leroperauirc of 50^. The rcacoon 
was <3bvetTd ividi muMrtd oil (2 dropB) to pr<:vcrtt evaporaaon- 
Thcnnocyding^ and- fluorcsocoGC ©casuccmcot i**ere starteo 
multancmidy. A time-base scan wit& a lO seoond iniegradoO' tsxtx 
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ured and the emission Stgnal was ratiocd to' t!vc cxcitatiQin 
nigV^s^ to controt for Ch9t)^ m ikht*sourGc mtcnfiity. £)!iOi wcre 



Icctcd luing the dn30dor» vetnoB 2.5 (SPEJQ data system. 
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fMMUNO BIOLOGICAL LABOI^ATOFIIES 



SCD-14EUSA 

Trauma, Shock and Seps 




Tha CO-14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 Is a receptor for lipopotysaccharide 
(LPS) complexed to LPS-Sinding-Protein (LBP). The 
concemraOon of Jts soluble form is aftered under 
certain patliological conditions. There is evidence for 
an Important role of sC0-14Avtth polytrauma, sepsis, 
burnings and inflammafons. 
During septic conditions and acute infections It seems 
to be a prc>gnostto marker and Is therefore of vstfue Jn 
monftortng these patients. 



IBL offers an EUSA for quantitative determination of 
soluble CD-14 m human seoim, -piasma, cell-culture 
superoatams and oSier biological fluids. 
A^ay features: 12x8 determinations 

(microSter strips), 

precoaied w(th a speclft'c 

monoctonaJ antibody, 

2x1 hour incubation. 

standard range: 3-96 ng/ml 

detection limit: 1 ng/ml 

C V: Intra- and »iteressay < 8% 



f gr more Information caU or fax 



GESELLSCHAFT fOR IMMUNCHEMIE UND - BIOLOGIE MBH 

05TERSTRASSE 86 - D- 2000 HAMBURG 20 • GERMANY- TEL. +40/491 00 61-64 • FAX +40 /4011 98 



PA6E6l6*RCVDAT7/im3:10:l)3PM|PacificDaylightTiine]'m^^^ ' DURATION ^(l4-46 



.JUL-19''2004 13:49 FROM:GENENTECH LEGAL 650 952 9881 TQ:93S46638 



GENENTECH, INC. 

1 DNA Way 
South San Francisco, CA 94080 USA 
Phone: (650)225-1000 



FAX: (650)952-9881 



FACSIMILE TRANSMITTAU 



Date: 19 July 2004 

To: Anna Rairy 

Heller Ehrman 



Re: Higuchi reference 

Fax No: "^2M ^ {c^^'^S 

From: Patty Tobin, Assis^dnt to Elizabeth Barnes, Ph,D. 

Genentech» lac. Legal Departcaent 

Number of Pages including this cover sheet: 6 



PA6E1/6'RCVDAT7/im3:10:03PM|PacificDa^^^^^ mTI0N(nun-ss):()446 



JLJL-ia^E004 13:49 FROM:GENENTECH LEGAL 650 952 9881 



10:93246638 



P:2/6 




Set USA e$T 
dnianQ, T. A,. 
CO PMU^amtiiniM 

*od of ctealng 
4065-)<r70. 
tow oFccu of 

.penew*, A. A. 

it^ Vql 2, p, 

and Sttnn:i»^ 
: Pith Miti-vini) 
). Dtochem. j. 

id aropailc.\of 

TKCwAon of Ok 
528. 

'bn$c?<(icio AiMi 

1982. PuHftdi^ 
of die wHtvinl 
HskcwCtfd). bio* 

^bboo4^u»^ A., 
(white Vtyonr). 

;L<Mt. I55t2<»* 

$, iMbtion kmI 
u\WWt«y jpjv« 

A.. Cdi«W. 
purifiCAliOD aod 
Htb RNA 
•fltlOP from 
Ada. 993:887-. 

5988.THchoW. 

«ion! <if itntouil 
Bioph^ft. AciP 

ipocrcScx of 

*f. J. Wochcm. 
FwKW* H. 1980, 

i and Srirpc. K 
nf cztodccnti* the 

s oF vuJKcMln, " 
nd propcrtki of 




SIMULTAmOUS MIIFtinCftflON AND DUKRON 91 
MFK DNA SmUHKiS 

Kussell Higuchi*, Gavixt DoiliagerS P. Sean Walfih and Robert Griffith 

Roclie Motojiar System** Inc., 1400 S5hl Su, Em'eiyvme, CA 94€0». •cawroo Coqxiradgn, 1400 SSrd St. Emeryvtac, Ca 
94608. ^Corrcspoaduig author. 

We bave enhanced the polymerase €hain 
reaction (PGR) such that specific PNA 
$e(iuence$ can be detected without open- 
ing the reaction tube. This enhaiiceueiit 
requires the addition of ethidinni bromide 
(EtBr) to a PGR. Since the fluorescence of 
EtBr increases in die presence of double- 
stranded (ds) DNA an increase in fiuot^s- 
cence in sudbi a PGR indicates a positive 
ampUficaliony which can be e^ily moiur 
tored externally. In £act, amplification can 
be contiuttously monitored in order to 
follow its progress. The ability to simutta- 
neously amplify specific DNA sciences 
and detect the product of the amplification 
both simplifiies and improves PGR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situatiom jequidilg high sample llirough- 
put 

Although the potential bicncftw of PGR* to cUu- 
kal diagnostics «rc well WtiowrL^'*, it b siiU not 
widely vscd ir5t Ihis setting, cvcii tliough it is 
fmmr j^earft ciaco tbcrnjoi^bl* pHA potym^t-* 
asc** mfldc PCR practical. Some of the r ^ons fot its slow. 
Rccepiancc are high cost. Jack, of automation of pre-^ and 
post-PCR processing steps, and false positive results from 
carryover-contamination. The fim two points »rc related 
in th^ t fabor is the largest contributor to o>5t ait the present 
stage of PCR development. Most Current assays requite 
some form of "downstream" ptocessing once thermocy^ 
ding IS done in order *o dietennine whether the target 
DNA sequence was present and has amplified. These 
include DNA hybrid) wtion*-*, gel electrophoresis wkh or 
>*»ithout use of rcstrictiort dtgesdon^;*, HFLCr, or capiUary 
elet;trophoTesis*^ These methods ^ labornntensc, ha^ 
low (htoughput, and arc difiSoih to autoxnate. The third 
point is aLo closdy related to downstream processing. 
The handling of the TCSi product in these downstrcaiti 
processes increases the chances that ampiiBed DNA '.wilt 
spiead thtoxigh the typittg' f^ulttng in - a .risk of 



"carryover"' false positives in subsequent tesdng". 

These dowrmtrcaitt prooessitig stjcps would be elimi- 
nated if specific anipUncation and detection of amphficd 
DNA took place simultaneously vithin an unopened re- 
action vessel As^ys m which sudi different processes take 
place witbout thc nccA to separate reaction cotnponents 
have been termed ■'homogeneous". No tndy hbmogc-. 
tieous PCR assay has been d^onstrated to date, although 
progress towards this end has been reported* C3i^b, et 
al.« developed a PGR product detection schtfnXe liSing 
fluorescent primers that resulted in a fluorescent PCR 
product Alldc-apedfic primers, csdh with diilFercnt Buo- 
restent tags, were used to indiiBatic the g<:notype of the 
DNA. However, the onincorporaced primers tnust snU be 
removed in a downstream ptxKcss in order to visualize the 
result Recently. Holland, et al/'t developed an assay in 
:wluch the endogenous 5' cx6nudease assay of r<iy DNA 
potytnerase was exploaitcd to cleave a labeled oligonucleo- 
tide probe. The probe would only ckave if PCR ampf ft- 
cation had pTOduced its coropiementary sequence. In 
Older to detect the dcavage pt^iiicts, however, a subse- 
quent process is «^<2d, ^ 

We have developed a truly homogencom assay for FCR 
and PGR pio<faici detection based upon the gready in- 
creased fluorescence that ethidium btoinJde and other 
DNA binding dyes exhibit when they are bound XoAs- 
DNA^^*^ As outtined in Figure 1, a proiotypic PGR 



rfcRq^oi 



/ 




TOVBi I IVindplc of simultancoua ampOficodon and dctecttOA Of 
PCR producL The components of a PCR contMnhi^ E^r (hai arc 
Ouoresoent are li«ed---i:iBr itself; EtBr bound toother ksDNAot 
d<iDN A. Tberc ut a latrge duorcsccncc cnhanccaicnt when EtBr is 
bound to DNA and hmdihpr u greatly enhanced when DNA ,cS 
double-stranded. After su&ckmt <n)..cydc$ of PGR* the.net 
inovafMK in ilipNA residts in additioi»l EtBc biniSng. and a net 
increase In totad Aiuxrcwcnn: 



PAGE216'RCVDAT7/im3:10:03PM[PacificDa^^^^^ * DURATION M:0445 



.JUL- 19^2004 



13:50 FRai:GENENTECH LEGAL 650 952 9881 



10:93246638 



P:3'^6 



0 1/16 1/8 1/4-1/2 12 4 8 |ig/Mei8r 







III 





























product 
(ftner 



RSm 2 Gd dcdroplKire^ of PCEl aLmplification products of the 
humaur ftitdcar gene, HLA DQtt, made in the presenoe of 
tncrcsomg anwunts of EtBr (up to 8 ftg/ta}). The presence of 
£t3r tio obvious efim on life yidkl or 
Cfidoo. 



A. 




B. 




9 (A) Itttocescence ibcasurcnient^ -BM>tn FCRs tbdt contain 
0.5 ii^otf EtBr and that are specific fair Y^kfotnosojdDc repeat 
Mmietioc«. Fh^ nmlicate PGRs teere begun containing cxdi of the 
DNA« spedAed. At ipadi indited cyde, one of the five repEkate 
FCRs for c^db DNA ifa» Fcmoved from thermocydxng and its 
fluoicseence measured. Units of fluorescence art aTbitriir. (B) 
UV photography of PGR tubes (0,5 nil Eppendoif^tylc, polypro- 
pylene mtciv<entii£uBc tubes} cdnukking reactions, those i«a,it>. 
ing from t ng male DNA and control Ttactioii9 without any DKA^ 
from (A), 



begins with primers that are single-stranded DNA (ss* 
DNA)» 4NTP*, aud DNA polymerase: An attM>unt of 
d^DNA contaivtitig the target sequence (target DNA) is 
also typically present. Thl$ amouat can vary, depending 
on the application, from single-ceU az^unts of DNA to 
micrograms per PCR^®, If EtBr is present^ the reagentf; 
that wiU fluoTe8(X| in order of increasing fluorescence, are 
free EtSr xtsdfi and EtBr bound to the singk-etrandcd 
DNA ptuuen and to the doublo^tntaded target DNA (hy^ 
its intercaladon between the stacked ba$cs of the DNA 
do;>b)c^h<^. After the first denatutation t^de^ target 
DNA will be largely single-stranded. After a TCR i& 
oompletcd. the most sigiiim^t dian^ is the increase in 
the amount of dsDN A (the PGR prt>3ltict itself) of up to 
several mkrcigwns- Formerly free EtBr is boiiftd to the 
addttiotuil dsDNA^ rcaulting in an increase in lluqres- 
cenoc There is also some decrease in the amount of 
ssDNA primer^ but because the binding of EtBr to S6DN A 
is much less than to dsDNA, the effe^ct of this change on 
the total Ruore$ccncc of the sample is small. The f)uorcs- 
cencK increase can be xneasured by directing 
illumiftaikm throjuigh the walls of the amplification vessel 



before and after, or even oomJauously during, thennocy 
ding. ^' 

RESULTS 

PGR in presence of EtBr. In order to assets the 
alFect of EtBr In FOR, amplifications of the huirian 
DQa g^Me*' vrere performed with the dye pmetit at 
concentrations from 0,06 to 8.0 p-fi^ml (a typical coticea- 
tration of EtBr used in staining of nudek aods folloiving 
get electrophoresis is 0*5 jig^mO- As shown in Rgure 
ekcxro^horcsis revealed litde or no di.6fe]rencc in the ^ield 
or quality of the amplificadon product whether EtBr was 
absent or present at any of these concentraticFns, indicat- 
ing Aat EtBr does not inhibit PGR. 

Dc l ee U a u of human Y-dttonkomna spediic 
^nences. Sequence-specific, fluorescence enhancement of 
EtEr as a result of PGR v/as demonscraitdd in a series of 
amplificatiotis containing 0.5 ixg/mi EtBr and ptimers 
specific to repeat DNA sequences found on the huioaa 
V-chromosomc^. These PGRs initially' contained cither 
60 ng male. 60 female, 2 ng mak human or no DNA. 
Five repKcate PCRs were begun for each DNA* After 0, 
17, 2,1 , 24 and 29 cydes of thenuocyding, a FCR for cadi 
DNA was removed from the therznocyder, and its fluo- 
rescence measured in a spcctrofiuorometer and ploued 
vs. amE^ificadon cyde number (Fi^. ^ A). The shape of this 
curve reflects the fact that by &e time an increase in 
fluorescence can be dcti^cted, the increase in DNA is 
becoming linear and not expoi^emiai with cyde numbers 
As shown^ the fluon=5Ccnoc increased about three-fold 
over the bdd:groiind fluotescetfce for the PCRs e^ontabi* 
ing human male DNA, but did not signifkandy increase 
for negative control FCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to htJ^ with— 60 ng versus 2 ng-njie fewer 
cydes were needed to give a detectable increase in fluo- 
rescence. Od dectit»nnoresi$ oo the products of these 
amplifications showea that DNA fragments of the ex- 
pe5cd swc were made in the male DNA containing 
reactions and that liide DN A xyntbesas took place in the 
control samples. 

in addition, the increase lix ftuor^sccncc was visualized 
by amply laying the competed, tmopened PCRs on 3 W 
tran^illuminator and photographing them through a red 
filter. This is shown in figure 5B for thus reactions thai 
began with 2 ng male DNA and diose with no DNA^ 

Deteetimt of speciCk: a]lck« of flic htmian 0-globio 
gene. In order to demonstrate that this apprdadi has 
adequate spedCidcy to allow genetic screening* a dibccoion 
of th^ ^ickle-cdl anemia mutation was performed^ F^^Uie 
4 shows the ftuorescencc from completed amptifiicatjons 

oontainiiig EtBr (0.S i^gAftil) ^ det«et6d by* photography 
of the rcacuon tubes on a UV trapsilluminator. Tliese 
reactiostt were performed udng pninerK spedftc for ci^ 
thcr the wild-t^^ or sickle-cell mutation of the human 
p^obin getie*\ The spedfkity for each allele is imparted 
by placing the sickk-mutation «te at the termmal 3' 
nucteoddc of one prtider. By using an appropijate primer 
annealing temperatbret primer <xtenslO!n--*and thus am- 
plifkation— can take j^ce only if the 3' nucleotide of the 
primer is complementary to the p-gjkjjbin allde present^' ^« 
Eiadi j>air of dmpifficaiions shown in Figure 4 consists of 
a reaction with either the wild-type allcfc Spcdfic (left 
tube) or sickle-allele spedfic (right tube) primers. Three 
diSerent DNAs were typed: DNA from a homozygous. 
wt)d-typ€ p-globin individual (AA); from a heterozygous 
sidJe p^lpbin individual (AS): and from a homozygous 
sickle f^piMn mdhichxalXSS). Each DNA (50 ng genomic 
DNA to start cadi PGR) was analyzed in tri]^icair(B pain 
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reactions each). The DUA .type vas reflected in tbc ' 
^^lative fluOtcscetlce intensities in tach pair c£ comp^t^d 
^(yipl^Gition&. There was a significant increase in fluores- 
only where a p^globin aQele DNA matched the 
printer set. When measured oix a spcctroS^oronieicr 
Mgita not shown), this fiuorcscoxcc was about three times 
jj^t present in a FCR where both p-elobin alkrics were 
jnbmatcbcd to the pHmet sec Gel cicctrophoresis (not 
^own) established that this increase in fluorescence was 
due to the synthesis of nearly a microgratn of a DNA 
fra^cnt of the expected size for p-^lobin. There was 
little synthesis of dsDNA in reactions in which the aflele- 
tfiQcific pnmer was mismatched to both alleles. 

OaaikmQWf nwmimmg of a PGR» Using a fiber optic 
d^tcerii possible to direct exdtation illutninattozi from 
,1 2»ectrofluorometer to a PGR undei^goin^ thcrmocydit^ 
aird to nstum its liu^^icsonnLCC to the jqpeccroftuofXHueteT. 
The fltiorcsecncc readout of such an arrangement, di- 
,^i2cted At an EtBr-containtng amplificatioQ of y<hroino- 
jjorae spod6c sequences frojn 25 of ^ujinan male DNA> 
is shown in Figure S. The readout from a control tCR 
viUii no target DNA b also shown. Thirty cycles of PCR 
vrerc monitored for each- 

The fluorescence trace as a function of time dearly 
shows die effect of the thermocyding. Ffuorescenoe inten- 
jdiy rises and .&dls inversely with twnperaturc* The fluo- 
rcMcnce intensity is minimum at the denaturation tern- 
perattire (94^ and maadmum at the annealin^xtenston 
temperature (5<rC). In the negative-control FCR, these 
fluorescence maxima and minima do not chajoge dgnlB- 
oinily over the thirty tbarmOcyCkTi, indica^ng that there is 
tittte dsDNA synthesis without the appropriate iax^ct 
DNA, and there is little if any WcacbW of EtBr durmg 
the continuous ilhittiinatHin of the sam^e. 

Jn the PCR containtng male X>NA, .the flqorcsccncc 
maxima at the anneaUngfextsension fcmperaturc begin to 
incrcaice at about 4000 seconds of theTrooCyding, and 
continue to increase whh dme* indicating that dsDNA is 
being produced at a detectable leveL Note that the fluo- 
rescence minitna at the deoaturatioa tempetawre do not 
sie;nificandy increase* prenimaWy because ai this temper- 
ature there is no dsDNA for Etfir to bind. Thus the course 
of the amplification is followed by tracking the fluorcs*. 
ccnce increase at the aancalin^ temperature. Analysis of 
the products of these two amplificadonsby gel clcctnapho- 
fcpi3 showed * I>N A fragment of the eicpectcd size for the 
male PNA containing sample and no detectable DNA 
synthesis for the control sample 

DISCUSSION 
Downstream processes sudi as hybddizarion to a se- 

Suence^pedfic probe can enhance tlxe spedfldty of DNA 
ecet.tivii by PGR. The cHznioation O^ th<Mi processes- 
means that' the spcdfidiy of this homogeneous assay 
depends solely on ihal of FCR. In the case of sickieoeb 
disease, wc have shown that PGRaloi>c has suffkient DNA 
sequence apcdfidty to permit genetic screening. Using 
approprtitte amplii^catton cotiditioas, there is tittle non^ 
9pcdfic production of dsDNA in the absetkCC of the 
appropriate target ailde« 

Tbt specifidty required to detect pathogens can be 
more or less than dxat recjuit^' to do genedc screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA wt muse be taken vnth the 
sample. A difikuk target Is HIV, which requires detection 
of a viraJ genome that can be at the level of a few coj^ 
per thoiucands of host cdls*. Cortipated with genedc 
9crcerung, which is performed on cdls jcontaimng at least 
One copy of tlie target sequence^ HIV idetectaon requires 
both more spetifiaty atid the input of more ttrtal 
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4 UV photogr«pby of PCR tubes containing amplificatioiu 
lising EtBr tfi?t are speoltc to ^M-type (A) or ikAie CS) alides of 
the hunuD p-giobin goic. The tee <» ead^ 
aUde^mcdEfic pHmers to the wild-type afid^. the n^Hi tube 
primers lo the ^cMe allele. The phcKomkt^ was taf^cb alier SO 
cycles of FCR, and tbc input DNAs and the adieles^ey cootain 
are mdicated. kig of DNA was used to b^dn FCR. Typing 
was dodc in tripiicacc (3 paits of FCII5) for eadi inpm DNA: 
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no DNA control 
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RGtBS fi Gontiftttous, rcaMime momtoring of a PCR. A fiber optk 
was oscd to carry- excitation H^t tn a t^R in progr^ and al«> 
emiUfid lirfit baii to a Buoromctcr (sec Expenwicntal Pr<»oco}). 
Anip^caUoa i»ing human nsalo-DNA specific pnmcn in & PCR 
sttirUBg with to ng of htimaa mak DNA (top), or in x coam>i 
PCR mthout PNA (boiiftm), were jnoniiorcd. Thirty cydes of 
PCR wete ftJJowcd ftir cach« Tl>e' tranpcraturc cycled bctwe^ 
94X (denAturatioii) and 50^ (annealing and cxtcwwrn). Note in 
the male DNA PCR,. the cyde (droc) depictsSlcot iaocasc in 
fluore&ccnce at the amJeaBngjrcjrtenaMm fGfiipei:aUir& 
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up to microgram amount— i a order to have suf- 
ficient nvuzibcTS of target sequences. Thi$ larg« amount of 
.^taxiing DT^A m an ampUScatkm signi&canUy mcrcases 
tbc baclt^urtd ftuomcence ovtr whidi anr additional 
fluoresoence produced by ?CR must be detected. An 
additional compHcation that oocars with targets in low 
copy-number is the formation of the *'priMCf-^'"ner" 
artihiar This is the rcsult of the cxtensioq of one primer 
using the other piimer 9$ a tcicuplate, AVcfaough this occurs 
infrequently^ Once it oocum the extension produrt ss a 
substrate for PGR amplificationf and can caotnpeie with 
true FGR targets if those targets are rare. Tlie primier- 
dimer prOdMa i$ of coui^e d$DN A and thu.s 19 a potential 
source o£ hlse tigpd in this homogeneous assay. 

To increase FCR spedftcicy ana reduce the efifcct of 
phaier^dimcr anlpUlKattoa, we are invtesdLgatiog a num- 
ber of appmachcs, including the use of ncsted^primer 
amptifkauonft diat take p!a<z in a ^ngie tube', and the 
^ot-surt*\ in which nonspecific ampUfkatlon reduced 
by rdsing the temperature of the reaction before DNA 
synthesis bcgins^^. Prciiminary results using these ap- 
proaches sag]^e«t tbat-prixncr-dimcT b effectively reduced 
and it is possible to <ietect the increase in EtBr ftuotes- 
cencc in a PGR instigated by a »ngle HIV genome in a 
b^kground of 10* cdts. With larger numbcni of cells, the 
background fiuorcsccnce contributed by genomic DNA 
beconie:» probleinatic. To. reduce thw backgrouod, it m^y 
be possible to use sequence^pedfic DNA4>inding dye« 
that can be made loprcferentiaJly bind PGR product over 
genomk DNA by incorporating the dye-binding DNA 
sequence into the FCR product through a S' "add-on" 10 . 
the oligonudcoddc primer*'*. 

We nave shown that the detection of DuorescetKC 
generated by an £tEr-contaming FCR is straightforward, 
both once PGR ia completed aod continuously dunng 
ihermocyding. The ease with whtdi automation of spe- 
cific DNA detection can be accomplished is the most 
pttitnisin^ aspect of tlus assay. The ttuorescence analysis 
of conipieted FCRs is alrcadypossibJc with cxistiii^ instru- 
mentation in 96-well format^. In tliis format^ the Buores^ 
ccncc in each PGR can be <}uantitated before, after, and 
even at scicded points durmg therraocyciitig by moving 
die rack of PCRs to a 9$:inioroweJI plate fluorescence 
reader*^ 

The instrumentation necessary to continuously monitor 
multiple PGRs aimvltancoii^ly is also simple in prindpte. 
A direct c^ciension of the apparatxu used here is to have 
multiple fiberopdcs tiansmit the c^sdtation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
10 monitor multiple PGRs continuously may allow quan- 
titation of target UNA copy number- Figure S shows that 
the larger the aniount of starting target DNA, the sooner 
diiH«i0 PfIR a fluorescence incrca.se 15 detected. Prdinii- 
nary experiments <Higiidii and DoUinger, manuscripc in 
preparation) with continuous monitoniig have shown a 
sen^'tivity to two-foid differences in initial target DNA 
concentration. 

Conversely* if the number of target molecules b 
known — as It can be in genetic screening— rcontinuoiis 
monitoring may provide a means pf detecting false posat- 
tivc ajid false ncgalivt rc$u|t$. With a known number of 
tar^ molectiks. a true positive would e3ChU}it detectable 
fluorescetice by a predictable nun^r of cydcs of PGR. 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts* False negative 
resuhs due to, for example,. inhibtdon of DNA po^racr- 
ase< may be detected by including within each PGR an 
ineflBciendy amplifying marker. This marker results in a 
Auomcence increase only a&cr a large number of cy- 
des— many more' than arc ncjccssacy to dctiect a true 



positive. If a sample fails to have a fluorescence increa^ 
after this many cycles, inhibition may be suspected. Since, 
in this assay, condusioiMi are drawn based on the presence 
or absence of fluorcsocnoc siwial alone, such controls rnay 
be important. In any event hefore any test based on this 
principle is ready for the ctinic^ an assessment of ttj^ fabe 
positive^false negadve rates wDl need to be obtained using 
a large number of known samfrfes- 

In summaTy, th-e tndusiot) in PGR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amptificatton from ouGsidi^ 
the PGR tube. In the future^ instruments based upon this 
principle may fadKtate the more widespread use of PCR 
in applications that demand the h%h throughput of 
sampteS' 

EXPERMENTAL PROTOCOl. 

Houuni HLA-DQ« gene ^tk^lifScatiOBS coiitainiD« £t&. 
PCRs were $et iip in 100 (4 voluitiies containing 10 mM THs-Ka, 
pH 8.3; 50 mM KCI; 4 mM MgO^: ?3 unics of Taa DNA 
poiymcrase (PterkMwElnw Ccma, Norwalk, CT>; 20 piriotc each 
of hunian HXA-DQa gene 5pcd!ic digonucleodae mimcrs 
(H126 and CH27^' and approaairatclx W copses of DQa PCH 
product diluted firom a prtWottS fcactw. Ethidiuni bromklc 
(Et&n Sigi«tA> was wed »t th« conceadationE indicated in Figure. 
2. Thcrmocyding proceeded for 20 cvcl« in a modd 4^ 
dierHMTcycfcr <Perkjn-EImcr Ccu», Norwalk, CT) using a "stcp- 
cycic" progrun of 94X^ for 1 xz]]ii..deiiatUTat2on and &fC for SO 
sec dnncaiW and 72^C for 30 sec. extension. 

Y<«hioiD09CHiMs spcciec P<^ PCRs (100 fil 1x^1 reaction 
v^uzne) containiagl)J» >4^ml EtBr were prepared as described 
£6r Hl-A-DQa, except widx diflerent primcrt and torfifet DNAs. 
These PCRs cont^ticd 1 5 pmofc each male DN A-spcciilc prtmetn 
YM and and cither 60 ng nralc, 00 oefetwie, 2 ng male, 

or no human DNA. ThcrniocTding *rtlS W^CTor 1 nun. and SO'C 
for 1 tn'in using a "cicp^yde* pTM^ram. Tbc number of cycles for 
a sample were as intficated In P%iife 3. fhiorcsGcncc measure- 
ment IS di&scribed below. ^ 

Allefe-fipeciB^ homan PGR* AmpUficauons of 

100 ^ vQiome using 0 5 jifiAnl of ZtBr were ptttj)arcd a« 
described for HLA^DQk above cxcqit with different ptimcrs and 
target DNAs. These PCRs cotiiained e^iher. pHmcr pair HGFS/ 
H§14A <wjW-type gloWn specific pnnicxfi) or HOmipiHiS gc3c- 
Ic-globin spedfic piinwrB) at 10 pmole esich primer per PGR, 
T&»tpt&zTz wiFc developed by Wu ct aL^'. Three different 
Utget ijNAjj were in separate amplificationa-^O ng cacU of 
human DNA that vras homozygpus for the sickle trait (55)* DNA 
that was hcteroryrow for the stdcle irak <A$>» or DNA that vrt^ 
bom<»ygOUS for UK W.I- globin (AA). Thermocycfing w-«W Fnr SO 
cycles at 94"C for 1 min. and 55*C for 1 min. itsmg o "atcp-cycte" 
program. An anneaKng tempecanuie of 55*^ b*a been .shown by 
Wu ci al to provide aUdc-spcdfic awpliteatjon. Completed 
PCRs were photographed thtuugh a wd fitter (Wntticn_^23A) 
after placing the rcat^n t«bej aiop a model TM*36 tranfliHum^ 
nator (tjV-products SanGabrid, CAy. 

FhMHescencemeasiireiaetit. Fhiorescence roeasoircracnw were 
made on PCRs containing EtBr in a Fluorolog-2 fiUoromcter 
(SF£X Edison. NJ). Exdtation was at the 500 nm band Kith 
tkbom 2 ntn bandwiddi with a OG ntn <Mi-o<f.§!«**JMcto 
Crist, Ihcm Irvine. CA) to exclude sccond-ofder Ugfat. Ewnteo 
tight %vas dctecccd at 570 nm ividi a bandwidth of about 7 njn. An 
<X> 530 nm c«t-ofl"jfiJtcr was used to remove ihc cxdtadon bjfht 
CDntitHWtia flDore5iceiiGe miming of FCR, ContmumiS 
moniu^ring oif a PCR in progress waa actsomi^islted uaing eic 
Bpccttoftuororofrict and fctdnga descnbod above as weW as a 
fiberoptic accessory (SPJ&X cat no. 1950) to both send cxotatioa 
fight to, and tcceivf emitted Ughc from, a PCRpfcaocd m a wcH ol 
a model 480 ihenwyclcr (Ptrkin-Eliiier Cetus). The probe end 
of the fiberoptic caWc was attached villi "5 nwoute-epoxy' to t^ 
open top of a PGR tube (a 0.5 ml potoropyJcnc ccntri&MC tube 
with its cap removed) effeawely flcaficg iL The exposed top 
th<5 PCR tube and the end of the fiberoptic caWe were siiicwca 
from room Vght and the rOOfO lights were kept dimmed dut-mg 
each run. The nioiuxj(»<cd PCR was an amplitieautfn of y-djio- 
mosome^pedBc repeat sequences as described above, except 
usingan anncaUnstetenskfn cemperauirc of SOX. The rcacnoa 
was Cbveted wrth Rnix^ ofl (2 drops) to prevent evapord&on. 
Tlicnnocydinr and fluorescence rocasuicmenl i*"*!* started 
multaneously , A thmsbase scan witb a 10 soouid uitegFatiOiy omc 
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unsd and the «n)ls»ou signal was radocd to' the cxcitaHoD 
jiJgOft] U) ciotitrot Ibc ch9D^ iti li^t-^suiircc intcnitity. DsiOi.wcre 
^cctcd luing the dro5000f» vernoQ 15 (SFE^Q <Uta system. 
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IMMUNO BIOLOGICAL LABOI^ATORlES 



SCD-14EUSA 

Trauma, Shock and Sepsis 




The CD-14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CO -14 is a receptor for lipopotysaccharide 
(LPS) complexed to LPS-Sinding-Protein (LBP). The 
concenirailon of ^ts soluble form is aftered under 
certain patl^ogtea! conditions. There is evidence tor 
an Important role of $C0"'14.with polytrauma, sepsis, 
burnings and inflammations. 
During septic oondifions and acute infections it seems 
to be a prognostic maH^er and is therefore of value In 
monitoring these patients. 



IBL offers an EUSA for quantitative determination of 

soluble CDm4 in human s^um, -pfesma. cell-culture 

supernatants and oflier biological fluids. 

A^ay features: 12x8 determinations 
(microSter strips), 
precoated with a specific 
monoctonai antibody, 
2x1 hour inoubetlon, 
standard range: 3-96 ng/ml 
detection limit: 1 ng/ml 
CVrintra- and interassay < 8% 



for more Information call or fax. 
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GeSELLSCHAFT FOR IMMUNCHEMIE UND - B I O L^GIeI^^bH 

OSTERSTRASSE 86 - D - 2000 HAMBURG 20 ■ GERMANY TEL. +40/491 00 61-64 • FAX +40 /40 11 98 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 

and Nucleic Acid Hybridization 

Kenneth J, Uvak^ Susan J.A. Flood, Jeffrey MarmurO/ William Giusti^ and Karin Deetz 
Porlcln-IUm«r, Applied IM^sfyUonu Division, Foster Uty, Calirornla 94404 



The 5' tiucleastt PC$t mt%my datnctx tho 
Accumulation of i|»«cin< PCR pro<lHc& 
hy h/brMlzoUofi nnd dcava^e of id 
doublflj-labeled fluoro9enl€ prob« 
during the amplification reaction. 
11i€ prob« Is an oUgonudMtlde with 
both o r«port«r fluor«scent dyo oimI a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity lit' 
dlcetes that the probe has hy brIdUed 
to the target PCR product and hm% 
been cleaved by the S* nude- 
olytic activity of Ttf^ ONA polymeraso. 
In this study^ probes with the 
quencher dy« aiiachod to an Internal 
nudeotldc were compared with 
probes with the quencher dye at- 
tached to the )'-end nucleotide. In all 
cases, the reporter dye was attached 
to the S* end* All Intact probes 
ihowed quenching of the reporter 
fluorescence, in general, probes with 
the quencher dye attached to the 3'- 
end nucleotide exhibited a larger sig- 
nal In the 5' nucieaie PCR assay than 
the intemaify labeM probes, it Is 
proposed that the larger signal Is 
caused by livtreased likelihood vf 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Pro|>es 
with tlie quendier dye attached to 
the 3 '-and nudeotlde also ejchlbltod 
an Increase In reporter fiuor*flcence 
Intensity when hybrtdUed to a com- 
plementary strand. Tiaus* oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as- hamogefieous hybrldlu- 

2T0(a 



I homogc»i)Oou& a*;K3y for detecting 
iJif M4t1iiniiUtloii of specific 1*<',R prod- 
uct that uf€$ a doubk-labc!cd fitioro- 
genie probe was dcL^cribctl by Leu ct al/^> 
The assay exploits the 5' - » 3' nucle- 
olyilc activity of Taq DNA poly- 
iinriaat?*''^'''* mid h Otu^nmicd In I'Igure 1. 
*r\\c fluoiogenic pitjlni ivii^i^b of an qII- 
gonucicolidi> wi'ili u reporter fluorescent 
dye., >u<,)i a» u nuon*^cclti| attac hed to 
ilir 5* r;id; and a quencher dye^ such as a 
rhodaniino, Attached Internally, When 
tlitf tlunresceln Is cxclt«d by irrediation, 
Us fluortfsceni omission will be 
quenched H Uic iluidaiiiiiie b c1»nv. 
enough to. be cxdicd through iht pro- 
CC5S of aiiore5ceiK:i' energy translef 
(M%r)/^-^> Durhiu PCU, tf ^he probe is hy. 
hridiwsd to a IcmplaU ili^md, Taq DNA 
polymerase will cleave tJic probe be- 
cause of Us inherent 5' 3* nucleolytlc 
adlvily. If the cleavage occurs between 
the fluorescein and rhodaminc dyes, h 
causes an increase in fJuoicsvein fluores- 
cence inionsliy l>ccause the fluorescein 
13 no longer quenched. Tlie Increase in 
fluorescein fluorescence Intensity Indi- 
cates I hut the probv-^peciflc PCR product 
has \w,u generiited. Thus, PET between a 
ie|NJitri dytr iiiKl a qucticher dye Is initt- 
cal lo the performance of the piube hi 
UiC S' liuultTdbt.' PCU as>txy. 

Quenching is ct>mp)ricly dependent 
on the pliy:tic-al proximity of thv two 
dyxAy'^ Because of thb, U htt:i \ni%nt a^* 
sumcd thai the qucndicr dye mu»l be 
allached neai the S' end. Suqmsfingly, 
we liave found that atiAching « rho- 
Uotuine dye al llic 3' end of it piulit: 



PCRwstty. liiKliermore, cleavage of this 
type of pn)hti us not required to achieve 
some reduction In quenching.. Oligonu- 
cleotides with a reporter dye on the 
end «ad a quencher dye on the 3' end 
exhibit a much higher reporter fluorcs* 
cvnce when doiinic-stranded as cohl- 
pared with single-stranded. This .should 
make St po.<is]blc lo use this type of dou- 
ble* lal>eled probe for non)ogencous de- 
tection of nucleic acid hyiiridizadon. 



MATCRIAU AND METHODS 
Ollgonucffeotldcf 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used In this 
study. Linker arm nudeotlUp {IAN) 
phosphoramidlic was obtained from 
GJen Restfarch. 'Ilic standard DNA plios- 
phoriiinidltcs, 6<arboxyfluore5cein (6- 
PAM) phosphorainjdite, 6-carboxytet* 
ramethylrhodamlne sucdnimfdyl csiCf 
(TAMRA NHS Cstvr), end Phosphalink 
for attaching a :r-bJocKlng phosphate, 
were obtained tiom Hcrkin-Elmer, Ap- 
plied Blosystems i^ivlMon. oligonucle- 
otide synthesis was performed using an 
AB! model 35^4 DNA synthesiser (Applied 
Diusystems). Primer and complement 
oUgonudfiondes were purlfica u.snig 
Ollgu Puriricatiuri Cartridges (Applied 
BLosyaicm^). I>uublu-lulitili:d j»rribe:i were 
xyiilhesired with 6-FAM*lat)eled phos-. 
pliuiaiiiidile at tlitf 5* M\t}, IAN rvpluchig 
one 4>f t)ie In the sequence, and Thos- 
phalinlc »i the 3' cnd, Pollowlng de- 
piotmrtion- and ciliuriui precipitation) 
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PolymerlMtiOn 



3'. 



Primer 



SMI** I 



Strand displacement 



Primar 



.3' 
'6* 



5*« 

3*- 



fr 



Cleavage 



6' 
•3' 

'5' 



T- 
6- 



.3* 

'5- 



Poiymerizatlon completed 



3'- 



3* 
•5' 



FlcURt 1 OUgram of 5' nudewe assay. Stepwise reprwentaTlon of in<f 5' 3* nuclwlytic ac- 
tivity of UNA polymerase aainK oti d fiiK»rgf;cnic prvtic UwriiiK yiK* CXtvnsiuu phase <if I'CK, 



niM Na-bicort»onftic buffer (pU 9.0) fti 
room temporal ui*c, Unrcactcd <Jyc vrns 
icitiuvcU by p<tdMi^e uv« a I'D-IO Sirplia* 
dcx column, rinally, Ihc doubk-labclcd 
probe wtt3 purificct t»y prcpftTtttlvc hiRh- 
pcrfurmance li(|uiU chromotoj^rapky 
(lim:) usinis an Aquaporc Ck :^:2I)x4.6- 
Tnni column with 7'fjLm particle size. The 
column wsA devcJoped with a 24«mJti 
VmtMX gradient of ^2e% ttcctonitrllc in 
0.1 H TEAA (tricthylainlnv ticctatc). 
)'rqbe& are named by designating the se- 
quence Icom Tabic 1 and the position oX 
the lAN-TAMRA moiety. Tor example, 
probe Al-7 haii sccjucnce Al with fAN- 
TAMRAat nucleotide pavilion 7 from the. 
.Vend. 



All rCK amplifkaiions were performed 
in the Pcikin- Elmer GcncAmp PCR Sy». 
icni 960U using reactions that con- 
tained 10 mM Trl$-HCl (pU 8.3X SO ium 

Kci 200 dAW, 200 \iM dcrp, zoo ^ 

dCiTP, 400 dUTP, 0.5 unit of AiiipEr* 
ase uracil N-glycosyUse (Pctkln^Elmer), 



gene (nucleotides 2141-2435 in the xe* 
qucncc o[ NaKo|Uno-ll|ini;) et al.)^'^ was 
amplified usiit^ pijiJiers AI'P and AJIP 
(Tabic 1), which are modified slightly 
from those of du BreuH ct al,^^^ Actin am- 
pliftcotlon reactions, contained 4 niM 
MgO;^, 20 ng ot human genomic J>NA^ 
SO nM Al or A3 probe, and 300 dm each 



primer. The thermal regimen was SO^O 
(2 mift), (10 min), iO cycles of 95"r: 
(20 see); 60»C (1 min), and hold M 7Z''C. 
A *^15-bp segment was aciipllficd fruni a 
pJasmld that consUtR ol a segment ol X 
DNA (nucleotides 32,2/^X^3?., 747) in- 
serted in the Snntl situ of VQCtor pUCl 19. 
llivse ccaetlutis iM^fituitiitd ium 
M^CDx* 1 "fi of plusinid DNA, SO riM ?2 or 
PS probe, 200 nvd primer P119, and 200 
xiM piiinoi R119. 'l*he thermal i crimen 
wa» 50*C C2 mln), V5X (10 mIn), 2$ ^y- 
clc» Of V5"C (20 5cc), Src 0 min), ontl 
hold at 72*^0. 



For c»eh amplification roactton, » 40-|xl 
aliquot of a sample was transferred to an 
IndJvtdual wtsll csf a white, 9<».w«l1 micro* 
titer plate (Perkin-Ulmer). Fluorejiccnce 
waa measured on the i'erkln-Umcr Taq* 
Man LS-SOB System, which consists of a 
iutnlncsconco S|X)CtromcHc-r with pUic 
reader aai^cmbly^ a 485-nm excitation fll*. 

ter, and a .Sli)*nm emis*ion filter, rxclia- 
tion was at 4B8 nin iisinfi a 5-nm silt 
width. Emission was mca.«ur^d at 518 

nm for 6-1'AM (the. roportcf or U value) 
and nm for I'AMIU (the quencher or 
Q value) using a 10-nm aUt width. To 
deicrmlnc the incicasc in icpuiiei vmls- 
sJoii that h (JUuseU by dvavagv of the 
probe during l^CR, three notmalirjitlons 
aie applied to tlie raw emI^^kill data. 
Plrst, emission inicnsity of a buffet Ijlank 
Is subtracted (or each w^vtrleii^th. Sec- 
ond, emis.%lon intensity of the reporter Is 



TABLE 1 


Sequences of Oligonucleotides 




Name 


lyjie 


.Scquetio^ 


P119 


primer 


ACOTACAQGAACTCArCACCACTC 




prlmvT 


AixsTCUcarrccGCCir.AcxmTn cic 


P3 


probi* 


r<XK:A'rj>\crOAix;cin^'cu\Ac<:ACTp 


P2c: 


, camplcmcnl 


CTACrcGrrcc;CAACX3ATCA<rrAATc;r.rjvTC 


PS 


probe 


CUOArriGCnXiCrrATCrATCACAACCATp 


rsc 


cemplenicia 


nc>^TCCrriX3TCATACAlAC:C:A0CAAA' 




prlmcf 


tcaccx:acactgtgcccatctac:qa 


ARr 


prljTicr 


CAOCXlOAAU:(iCTC:ATrC*CCAATOG 


Al 


prolx: 


ATC>CCCltXCXX:Al<JCCAlC^^^^ 


Air. 


complement 


ACL\«xjtiA<;t;A'ix:(:(j^rt:t;cx;i:Ai;(;7j(UTAC 


AJ 


piobe 


CGCCCr6GACTrCCA0CAA<SACATi« 


A3r. 


cunipleuieul 


CrATrTCrrOCTCQAAGTCCAGaGOJAC 



Tor each oligonucleotide vsed in Uils MHy, the nucleic add ^equcziiT U given, written in tlie 
5* f 3' difvvtioxi. Tbtie ere three lypo of oligonucleotides; rCR primes fluoro^enic probe used 
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CI 8 nm 


682 nm 






ARQ 








no t^ot^x 












24 6 1 2.1 


92.7 a 1.0 


30 J <t a.o 


38.2 i 2.0 


oxr? 0.01 


o.eo i 0.06 


O.IOdO.O^' 


Ai*r 


BS.OtL 4.3 


39B.1 *21,4 


108.6 


1 103 5.3 


040*o.o;> 




3JCJQsq,\fi 


AM 4 


127.0* ii) 


403.Sjf ta.i 


I0d.7ift.3 


03.1 i 




^.3410.15 


3.18^0.15 




107. \9.9 


4s»?.rd 7.7 


703i» 7 A 


73.0 a 9.0 


2.67 3 0.06 


6.00 i 0.16 


9.13;! 0.16 


A1-22 


224.G i 04 


48&,L»£43.e 




99X1 0.Q 


CJU>a0.03 


5.021 0.tl 


C77.&0.12 


Ai-2e 








W./ ± 









FIGURE 2 RvsuUs ot 5* nuclroor ^wy ti>fii{>afai\^ p-A<lln (^robci with TAMRA At dif^rmt micle 
|H>$itions. As dcscrlbod la MaterUU and MethoUs, VCM. Nmpilflcottoniir containing the in- 
dicated prober wtre peiformed. and the fiutirenvciio: emission was meBsur^ ftt 518 and 582 nm. 
fteporttU vflluvn arc the avcra&ci-l s,Oi for six reactions nm without addod icmplato (no temp.) 
ami .six reacHons run wttli template ( i tcnip.). Thv RQ failo was calculated for each individual 
reaction and averaged to give Utc leportd KQi* and MQ^ valuea. 



(jiviacd hy the emission liuexisliy of Die 
quencher to give an RQ raxio lor cadi 
reaaioa lubc Tl)l$ normaiues tor wdl- 
tc-wen variations in probe roncentra- 
oon and fluorescence measurement. 

* nally, ARQ IS calculated tjy .subtracting 
tnc KQ value of the no-ttmplate cxiotrol 
(RQ'*) from the RQ valut: iar ilir vum- 

- plctc reaction indudtii]^ template 
(RQ'). 

RESULTS 

A senes of proties with intrrcawn^ dis- 
. laaces Dctwccn the Ouureacxin rcponci 
and rhodaminc t^uencher were tw^ted to 
investigate the minimuxn and maximuTn 
spacing that would give an acx:eprahie 
performance in the 5^ nudCQse I'CH as- 
jay. Tnese probes nybrlduc ;o a target 



.Sttjuencc in the human p-actin grne.. 
jhlj^uiC 2 &130W& the results of <in cxpcri- 
nicril 111 wlilch these probes were In- 
cluded in PCk thai ampUfled a segment 
of the K^iir. Lx>nLalning the laigct 

sccjueiicr. iV:iftiiiiiaiii:e hi the 5' au* 
dease I'CR assay i,s ntoriiUired by Uic 
niajnluidc. of Ak<i which U a measure 
o^ the Increase hi reporter Htiurwrjuv 
uiu»cd by PCR amplification of the 
probe target. Hn>be Al-2 liav a ARQ v«lue 
that is close to y.er(>, Indlcatli^g that the 
probe was not cleaved appreciably tlur* 
Ing the aiiiphflealKui rcjiviiun, Thiis aug- 
Kc;kt» liiai wUh the ^ucnsrher dye on tlie 
»i:t.-uiid nucleotide from the 5' end, tliere 
is iiisufndcnt fCHiiu fi>i T(U4f jjolymcrase 
to cleave efficiently between the reporter 
and ^uvfiL'hei. The other five probes ex- 
hibited compiirabJv AKQ values Uul ace 



clc4irly diffcrcni from rcjo. Thus, all five 
proles arr hcfng cleaved dHring \'CM am- 
plinCatluii loulUng hi a »iiiill«( Inurast; 
In lepuitcj' fluuirsccJivc, it »lumid btr 

noted that complete dige-stion of aprohe 
pioauccs a much larger inaeasc in re- 
porter fluorescence Uian that observed 
in rigurc 2 (data not liiown). Tluis, even 
In HMlckioris where a(U[)]if»t»tlon occury, 
the majority of probe molooiles remain 
uiiclcavod. U is mainly Cor this reason 
that the fluorescence Intensity of the 
quencher dye TAMJU change! liltic with 
amplification nf ihe targpj. Thl?; Is whal 
allows us to use the 6ii3-nm fiuorcscrncc 
reading as a normallxatlon factor. 

The n^agnihidi* of RQ* d*»ponris 
moinly on the quenching efficiency in- 
herent in the .specitic .stiucturc ol the 
probe and the purity of the ollgt)nucle 
otide* llius^ the larger KQ' values Indl* 
cate that probes Al-14, aj-19, ai-22, and 
Al-26 probably have reduced quenching 
as compared wtth A1-7, Still, the degree . 
of quenching l» sufficient to detect o 
highly Mgnif leant ln<irc4i»<'. In reporter 
flu<iTtsNctncc when each of these -probe.^ 
ia cleaved during PCR* 

To further Investigate the ability of 
TAMKA on the 3' end to quench Tj-FAM 
on the 5' end, three additional pairs of 
probes were tested in the 5' nuclease 
PCU otsay. Vot each pair, one probe has 
TAMI^A attoched to tin internal nude- 
tillde and U'le othei has TAMIIA allacl:ied 
to the V end nucleotide, The results arc 
shown In Table 2. 1'of all three sct-s the 
ptobe with the 3' quencher cxhib>ts u 
4RQ value that is consiUernbly hiKhei 
than for the probe with the internal 
quencher. The RQ' values suggc4»i iKnt 
difrerences in quenching arc not as gmut 
a3 those observed with some <>f the Al 
pTolwss. Tliese results demonstrate ihot Q 
quencher tSye oil the 3' end of on oligo- 
nucleotide can quench efficiently the 
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TABIE 2 Results of S' Nuclease Assay Comparing l»robt?a wiUi TAMRA Attached to ah Internal or 3' -terminal Nucleotido 

618 nm fMuva 





Probe 


no temp. 


+ temp. 


IMI Leuip. 


4 temp. 


HQ 








. A3.6 
A3-24 


S4.6 i 3,Z 
7Z.1 :f 2,9 


84.8 X :i.7 
236.5 1. It.l 


116.2:16,4 

84.2 * 4.0 


nii.o J.;t.5 
90.2 11. 3,8 


0.47 2. 0.02 
0.86 a 0.02 


0.73 a. 0.0H 
2.62 ± 0.0S 


± 0.04 
1.76 ±0.05 


iile 


r2-7 

l'2'27 


S2.8 2. 4.4 
113.4^6.6 


384,0 i 34.1 
55i5.4±14.1 


106.1 2 6.4 
140,7 t 8.5 


120.4 a- laz 
118.7 2 4.8 


0.79 1 6.02 
a81 ±0.01 


3.19 * ai6 
4.68 ±0*10 


Xioti aic* 
3.88 T 0.10 


ied 
the 


l»S-10 
P5-28 


77^ ± 6-S 
. . 64.0 ± 5.Z 


244.4 2. 15.^ 
333.6 ± 12.1 


86,7 JL 4,3 
1O0.6 ± 6J 


9S-B 6.7 
94.7 2 6.3 


0,89 * 0.05 
0.63 ± 0,02 


2-55 ?. 0.06 
3.63 :t 0.12 


1.66 ± 0.08 
i89 i 0.13 


tti. 








i.n.t;innns wtw Derlormcd as deKrlbe^l in MniwUl ««a Metltods and in the legend to Hi^ 3, 
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fluorw^nrr* of a n^prtrter dye on the 
end. Tli« Uvgruv of qucncMn^ ii Sufft- 
cioal fur UiIh type uf oligonuclcdiidc to 
be used as a pr6b* in the 5;' nuclca&c PGR 
assay. 

To test the hypothesis thai quenching 
by a V i'AMRA dcpcnde on the flexibility 
oif t)}6 oUgonuclcotldc, fluorescence wis 
mcajiuiod fur |^rubi.*s in the Single 
stnndcd and Ouubie stranded styitCS, Tft* 
hl^ 'A rcporU Oi<f fluuresccnco observed 
at S18 and 582 hm. Ilic rcUitivc degree 
of quenching Is assessed by calculating 
the RQ ratio. )^or proDcs with TAMRA 
<v-lO nucleotides froitt the S' end, iherv 
is little difference in the HQ values when 
airnp4ring sJngle^slrandcd with double- 
stranded uligonucleotldcs, The resulis 
for prohe^i with TAMJIA <k| the 3' end are 
much different. For these probes, hy- 
bridization to a compkmoitary strand 
causes a dramatic Increase in WQ. We 
propose that this loss of quenching is 
causi^ by the rigid structure of double^ 
Stninded 1>NA, which prevents the 5' 
and 3' ends from bcin;; in proximliy. 

When TAMRA is placed toward the 3* 
end, there is a marked Vfg^' effect on 
quenching. Figure 3 shows a plot of Ob- 
served KQ values for the Al series of 
probes as a function of Mg^"* concentra- 
tion. With TAVIRA attached near the 5' 
end (prohe A 1 -2 or Al-7), the RQ value at 
0 nxM Mg^" is only slightly higher than 
RQ at 10 ittM Mg**. lk)r probes A1p19, 
A)-22, and Al-26, the RQ values at 0 mw 
Mg*^ are very high. Indicating a much 



raduccd quenching efficiency. Par each 
i>f these probes^ Iheiu h H nitttked de- 
crease in itQ al 1 inM Mg' ' foUuwcd by 
tt gradual decline as the Mg^ ' tvnccn- 
trution increases to 10 mM* I'lubc A1-14 
shown an inicTmediale RQ value at O mM 
Mg'"* with a gradual decline at higncr 
^1^^'^ concenlialiwiizi. In a low-salt en- 
vironment with no Mg* present, a sln- 
g}e-stran<tcd oJl^onudeotlOe would be 
expected to. adopt an extended confor- 
mation because of cicctrosiatic repul- 
sion. The binding of Mg'"*" ions acts to 
sldeld the negative cliarge of the pho-v 
phate backbone so that the oUgoiiucJe- 
otlde can adopt conformations where 
the :V end is dose to the 5' end. There- 
fore, the observed Mg^ * effects support 
the notion th9t quenching ol a 5' re« 
porter dyt* by TAMRA at ur near the 3' 
end depends on the nexlbility of the oll- 
gonucleoride. 

DISCUSSION 

The striking finding of this study is that 
it wetns tlK- riiodanilne dye TAMKA, 
placed at any position hi an oligonuclc- 
ntide, can quench the fluorescent enil$. 
sion of a flUOK^scein (O-FAM) placed at 
the S' end. This Iniplies that a singlv- 
stranded, doubte-iabcU*d oligonucle* 
otide must he able tO adopt confonna- 
tlons where the TAMRA Is dose to rhc 5' 
end. U should lie noted tliat (lie decay of 
6-!'AM in tlie excited state requires a cer- 
tain amount of time. Ilicrefore, what 



TABtC ^ Comparison of PluoicAcc«Kc Etni>»tLrxia^ uf ^iinKtc-'itrandecl and 
DouljWirandcd Fluorogenlc ^i'dbe^ 



SU nm 



58?. nm 



RQ 



PrrtLr 


«i 




V9 




SS 


<1S 


At-V 


27.75 




61. OS 


13R.1A 


0.45 


u,fiO 


A 1. 26 


43.31 


S09M 


53.50 


93.86 


0.81 


5.43 


A3.6 


16.7S 


62.88 


39,33 


165.57 


0.43 


0.3» 


A.V24 


30,05 


578.(54 


07.77. 


140.25 


0.4.S 


3.21 


n-y 


35.02 


70.1.'^ 




121.09 


0,64 


0.58 


V2-17 




.^ao.47 




61.13 


0,61 


.S.25 


l'S-10 


27.34 


144.85 




165.54 


0.44 


U.B7 


P5-2n 


33.65 






104.61 


0.46. 


4.43 



{H) Slnglc-straiided. 'Ilie fluorescence emissions at 518 or .^82 nin for solutinn.*; rontatnlr)g a fmfti 
concentration of 50 am indicaleil prohe, lu mM i ris-i ici (pH 8.3), SO niM KQ. and 10 niM MgCl^i. 
(ds) C>ouh1iM>trandi*d, Th« jiolutlons contained, in addition, 100 itM AlO ff>r probes A1<7 and 
A)'?jO, 100 iiM A3C for probes A3-6 and A3-24. 100 ilM \*2l: for piolx's V2r7 and 1*2.77, or 100 nM 
P$C for yxohtia P.S.10 and va-ZH, Before me acdmon Of Mjc^'l^i J X' pi Of edclj >uu}|it« was Ituatcii 



mattem for qucuchliig ih uol tliv average 
distance between 6»I-AM and TAMftA 
but, rather, how ciose TAMKA can get lo 
durhig die lifenme of Uic 0-FAM 
excited it&tc. As long as the decoy time ol 
the excited state is relatively long com- 
pared with Uie molet:ttlar motions of the 
oligonucleotide, quenching can occur. 
Thujr, we propose that TAMRA at the 3' 
end, or any other position, can quench 
6-fAM at the 5' end because TAMRA Is In 
proximity to f5*KAM often enough to be 
able to accept energy transfer from an 
excited 6.FAM. 

Details nf the fluorescence measure- 
mcnts remain puzzling. For example, Ta- 
ble 3 shows that hybridization of probes 
Al-26, A3-24, and P5-28 to their comple- 
mentary Strands not only causes a targe 
incre^nse in 6'FAM fluoixsccnce at 518 
inn but also causes a modest Increase in 
TAMRA fluore^ccna* at 582 nm. 11 
TAMRA Is being exdred by energy trans- 
fer from quendicd 6-FAM, then loss of 
quenching attributable to hybridization 
should cjausc a decrease in the fluorav 
cence emission of TAMRA. The fact that 
the fliioicsccncc emission of TAMRA in- 
creases indicates tliat the situation Is 
more complex. Vor example, we have an» 
ecdotal evidence tliat the bases of the 
ollgonudetsttde, especially iu quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double* 
stranded, basc-palfing may reduce the 
ability iif the bases to quench. The pri- 
mary factor causing the quenching of 
6-FAM in an intact probe 15 the TAMRA 
dye. Rvidencc for tlie Importance of 
TAMUA is ihai 0 KAM nuun-,a:nce 
re.moin» relaUvely uncliangcd when 
probe:fr lttbeU%l only with 6-rAM arc used 
In tJic nuclease 1*CR assay (data not 
Shown). .Sectmdary effectors of fluores* 
cence, both before and afiex cleavage of 
the. probe, need to he explored further. 

Regardless of the physical mcciia- 
nl.^m, the relative independence of posi- 
tion and quenching greatly simplifies 
tlie design of probcji for the S' nuclease 
PCR aSMtty, There are three main factors 
that determine the performance of a 
double-labrled fluorcnecnt probe In il]C 

nuclease 1K:r assay. The first factor is 
the degree of quenching oliserved in the 
intaa probe. Tills is characteri/ieci by the 
value of RQ' , which Is the ratio of re- 
finrtcf to^ quencher fluorescent cmis 
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mM Mg 

f ICURE 3 Klfi^el 6f Mg"^ c^iiiccsntf Ation ftn RQ ratio for the AX scriex of probes. The fluoTVSCfTU'e 
emission UiunsUy ai S18 and 502 niu wa* mcasurctl for sciiuttons cunuining 50 tiM probe, 10 mM 
Trl$-HCl (pH 6<3), 50 mM KCI. ftnd varying amounu (0-10 mw) of MgOa. *ITMf calniljitcti UQ 
/aun$ (s'ire nm intensity divided hy nni iuicnsiiy) utv pUittcd V*. MgO^ COiiceniratlon (mM 

Mk)« 'I''*^ {up^fKf ti^ht) :kliii>v:i l1t«; fiKjtntt i-AmuUiinl. 



dye.^ used, spacing between Tftpartcr and 
quencher dyes, nuciwtldc sequence 
context cffccl^i presence of alcudurc or 
ulhet Taciors dwi mrduce nexlUlky uf 
the oiigonucUoLide, and putUy of Ihe 
probe. The »ccond factor w ihc efficiency 
ttf hyhiidi£aU<jiir which dei-iend.s on 
prol>e pmcnce of secondary Mruc- 
luic In probe or tcmplMc, annealing 
icmpciaturr, and other reaction condi- 
lions. The ihlid (actor ii the efficiency at 
which Taq DMA polynuTrist' dcsivcs thv 
bound pxobe between the reporter and 
quencher dyes. This cleavage Is depen- 
JeiU on semiicncc cojtnplcmcnlarlty be- 
tween piobe and template as shown by 
Uie ob&ervaliou that mismatches In the 
segment between reporter and qwwcher 
dyes drastically rvduLX* the cleavaKV vf 

Tlie rise in RQ' values for the hi se* 
ncs of probes seems to Indicate that ihc 
degree of quenching ts reduced some- 
what as the quencher is pUccd toward 
the S* end 'Ihe lowest apparent quench- 
ing Is observed for probe Al-19 (see Fig, 
3) rather than for the probe where the 
TAMRA Is at the €nd (Ai-Zb). i-his w 
understandable, as the conforraaiton of 
the 3' end position would be expected to 
be less restricted than the conformation 
of art internal position. In effect, a 
qutmcha at the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placiHl 



prolMts, the interpretation of RCt values 
is lea* elcar-cut. The A3 probes show the 
same (rend as AI, with the 3' TAMRA 
piobc having a larger RQ" liian the. ii^ 
lernal TAMRA probe. For Uie P2 pah, 
tx>Ui probr,^ have jibcmt the same RQ' 

value, roi ihc TS probes, the RQ for Uie 
3' probe b less than (m the internally 
Iflbcled probe. Another factor that m«iy 
explain some of the oh,Hcrv«d vanaHon l> 
that purity affccta the RQ" value. Al- 
thuugh all ]jrc)btr( are Hli^C puiificd, a. 
9mall am<mni of coniaminotion with 
unq\ienched reporter luin have a large ef- 
fect on RQ . 

Althougli there may be n modest ef- 
fect on degree of quenching, the posi- 
tion of Uie quencher appare^dly \Jin 
hdvt: a large cffccl on the efficiency of 
pi'obc cIcavagCf Tlic rnosl drastic effect is 
observed with pmbe Al-2, where place- 
ment of the 'I'AMRA on the second nu- 
cieuUdc trduces the efficiency of clcav- 
age to almost rcro. For the A.^, 1*2, and PS 
probes, ARQ Is much gRtider for the 3' 
TAMKA prohwi as compared with the in- 
ternal TAMRA probes. This Is explained 
most easily hy assuming (luiL piobes 
with TAMRA at the 3' end are more likely 
to be cleaved Iwiwccit icjxiiiei and 
quencher than art probes with TAMRA 
aUdChe<l internally. )-or the AI probes, 
the cleavage efficiency of probe Al-Z 
must already be quite high, as ARQ docs 
not IntTeasc when the quencher is 

n\v»rm\ r\f%w tn thn ^* end. This illUS- 



Irntes the importanro nf being Ablr to 
use probes with a quencher on tl^o 
end in the S' nuclease pcu assay. In this 
assay, an inereasc In the intcnKlty of re- 
porter fluorescence is obserx'ed only 
wlivri tlie probe is cleaved between the 
reporter and quencher dyes. By placing 
Uie lupoj'Lur aad quuiichL'i dyes un the 
opposite endft of an oIIgonucleotMe 
probe, any cleavage that occurs will be 
detected. When the quencher Is uUudicd 
iu un luiuniul nucii^utldu, soinetlmes thu 
piube wurk^ wdl (Al-7) and iUher tluiea 
not so well (A3-6). Tlio relatively poor 
performance of probe A3-6 presumably 
means the probe is being cleaved 3' to 
(ho quencher rnthor than between U»c 
rfkpnripr and quencher. Therefore, the 
tMTSt chance of having a probe that reli- 
ably detects accumulation of PCH prod- 
uct in the S* nuclease TCK assay Is to use 
u probe with The reporter and quencher 
dyes on opposite end;;. 

Placing the quencher dyu on the 3' 
end may atoo provide a sUght benefit in 
terms of hybridlrAtion efficiency. Ihe 
presence of 0 quencher attached to an 
Inlcnial nucleotide mifshi be expected to 
disrupt base-pairing and reduce the 
of a probe- In fad, a IT^TC rcdvie.tiwn 
In has been observed for two piobcs 
with irtHfiimlly alUdied TAMKAs/"^ l^xis 
disruptive effect would be minlmired by 
placing the quencher at the 3' end. Thus, 
pn>be.i with y qticnchcrs might exhibit 
Ali^htly higher hybridiration efficiencies 
(hail piulMLS Willi interna] Ljucnclien. 

The combination of increased cleav. 
age and hybridisation efficiencies means 
that probc.1 with 3' quenchers probably 
will be mote lolecanl of n^ismatchcs be- 
tween probe ond tntgct as compared 
will I inlernally labeled probes. Tills tol- 
erance of mismatches can be advAnto- 
geous, as when tt7lng to mt a single 
probe to detect POR-amplificd prnducte 
from h^iii|>1e.\ uf diffcienl species. Also, it 
mean's that cleavage of probe during 1^.11 
b Ies!( sensitive tn ulterdlionn in ai^ 
Dealing temperature <>r other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic dlscfimlnotlon. liic 
ct al/'* demonstrated thai allele-s|>eciflc 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them 10 distinguish Uic normal 
human cystic fibrosis allele from the 
j^SOS mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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FioURt 3 Kffcct of Mg* * concenrnitlun on RQ ratio for tuc A3 series of probes, itn* fJwarettcuiiui 
emissiun intensity at 51ft and 582 nm was mcaniicdfoT solutions containing 50 nvi probe. 10 mM 
Triii-lia CpH 8.3), 5C> rnM KCl, and varying aioounU (0 10 mM) of Mga^t- l*hc calculated RO 
r»ti<iit (51 « nm intensity divided t>y 5«2 nm intensity) arc plotted vs. MgQi concvnn-4ti<«i (mM 
MK). The key (upper ki^Hi) ftt\OWS th€ probes coamincd. 



dyes used, spacing between reporter and 
quenchCT clye$, nudeoUdc sequence 
context effects^ pre»;nce. t>t structure or 
other fartors that reduce flexibility of 
the oligonucleotide, and purity of the. 
probe. The second tactor is the efficiency 
of hybridization, which depends on 
probe T^, presence ol secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third faaor is the emdcncy at 
which Taq DNA polymerase dcaves the 
bound probe between the reporter and 
qtjenchcr dyes. This cicaviage is depen- 
dent on sequence complementarity be- 
ivwcn pnil>e and template sts shown by 
the observation that mlsmatche-S in the 
segment between reporter and quencher 
dyc5 drastically reduce tlie cleavage of 
probe/*^ 

1 he rise in RQ values for the Al sto- 
ries of probes seems to Indicate that the 
decree of quenching Is reduced some- 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe Al -19 (sec Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al-26). This is 
undcxstandithlc, as the conformation of 
the S' end position would be expected to 
be less restricted than the conformation 
of an Internal position. In effect, a 
quencher ar the 3' end is freer to adopt 
conformations close lo the 5' reporter 
dye than is an internally placed 
quencher; For the other three sets of 



proU-s, Ihe interpretation of RQ' values 
is less clear-cut. The A3 probeji show the 
same trend a.< Al, wlUi the 3' TAMRA 

probe having a larger RQ"' fhMn iho iji- 
icrnal TAMRA probe. Fur Ihc H2 paif, 
both probes have about the same KQ 
value. For the PS probes, the RQ' for the 
3* probe is Im tliQo fui Uie inlcin^Jly 
labeled probe, Another factor that may 
explain some of the observed variation Is 
that puriiy affeas the RQ^ value. At- 
thoush ali probes are HPLC purified, a 
smaU ainount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quenchci apparently can 
have a large effect on the efficiency of 
prob^^ cleavage. The most drastic effect is 
observed with probe A1.2, where place- 
ment of the TAMRA on the second nu* 
clexJtlde reduces the efficiency of cleav- 
age to almost icro. Vox the A3, P2, .ind PS 
probcii, ARQ Is much greater for the 3' 
TAMll^ proheji as compared with the in- 
temal TAMRA probes. This is explained 
most easily by assuming that piobcs 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached Iniernaily. Por the Al i.>rol>e5, 
the cleavoge effildency of probe Al-7 
must already be quite high, as ARQ does 
not increase when the quencher is 
placed closer to the 3' end This Ulus- 



ttaios the Impoitance of being a))lc to 
use probes with a quencher on the 3' 
end in the nucleosc I'CK ossay. In this 
assay, an increaitc in tho inteniity of re 
porter fluorescence U ohis«rved . only 
when the probe Is cleaved between the 
reporter and quencher dycj. I<y ptndng 
the feporter and quencher dyet on tho 
oppocUc endi of an oUgoauclcolldc 
irrulH^ any de;iv;ixy that ucairv will l*e 
detected. When rhe quencher \x attached 
to ;tti Intc-mal uutlootlJ*.', ^vniodincis the 
prohe woricA well and other times 

not «o well (A3-6). llic relatively i><H>r 
performance of prohc A3-^ presumably 
means the probe is beLn>t cloaved 3' to 
the. quencher rather thAn betwtsen the 
reporter and quencher. Therttlofe, the 
be^ chance of having a probc that reli- 
ably detects accuuiulHtion of PCR prod- 
uct in the 5' nuclease P(!R assay Is to use 
a probe with the reporter and qucnchej 
dyes on opposite ends. 

Placing the quencher dye on the 
end may al$o provide a slight benefit \x\ 
terms ol hybridization efficiency. 'Ibe 
presence of a quencher attached to an 
Internal nuclcuUde i«l^>lu be expected to 
disrupt base-pairing .tnd reduce the 7,^ 
of a probe. In fact a 2^<::-3'C reduction 
ill hhs IrCcn observed for two probes 
with internally attached TAMRAji.^^^ This 
disruptive effect would be minimiced by 
placing the quencher at the 3' end. Thus, 
probes with 3' quaichers might exhibit 
Klightly higher hybridization efficiencies 
than probes with internal qucnchcns. 

The combination of Inaeased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more toletant of mismatches be- 
tween protJC and target as compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta* 
geoua, as when trying to use a single 
probe to detect PCR-ampIified products 
from samples of different species. Also, It 
raeani that cleavage of protK* during PCR 
is less sensitive to alteratiiins In an- 
nealing temperature or other reaction 
condltiom. Tlic one application where 
tolerance of mismatches may be a disad- 
vantaec Is for allelic discrimination, l^e 
et al.^'^^ demonstrated that Bllcle-speclfic 
probes were cleaved between reporter 
and quencher only wlien hybridised to a 
perfectly complementary target. This aU 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AF50$ mutant. Their prober had TAMRA 
attached to the seventh nucleotide from 
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UiM S' end »n<< wero <lc$fgncd so that any 
misiimtchcs vfcrc between the reporter 
dhd f|ucnchcr. lncreayln|( the distance 
betwoon reporter and cjttr.ncbAr would 

lesito ihft disruptive cfkxl of luU- 
matchcs and allow cleavage of lh« probe 
on the incorrect target. Thuic, probes 
with A quencher dttochcd to on internal 
nud«tpt]de may ftlU be ucoful for allelic 
dl^rlinlhatton. 

In this study loac of quonchlns upon 
hybridiuxtlan vraji used to show tliat 
quenching by a 3* TAMItA in dependent 
on thtr (U'xlbiilty uf a sln}^le*itranded 0)1- 
gonucleotlcl<i. The Increase in rcporw 
fluorcsceria intensity, though, could 
aUo b« u«e>d to determine whether hy. 
brldlzaUon has c^cuirrcid or not. Thus, 
oligonuclcoUdcs witli reporter and 
qucrichcif dyes attached at opposhr ends 
should abo l>e useful as hybridization 
probes. The ability to delect hyl>rldli2:a« 
Tlon In real time means that these probes 
could be used to measure hybridUation 
Kinetics. Also, this type of probe could be 
U5ed to develop homogeneous hytjrtd- 
iwition assay] tor dlagnoytlca or other ap- 
plications. Bagwell Ct al,^*^* describe just 
this type of hoino({Gneoiis assay where 
hybrid izatioii of a probe cau^rs an In- 
crease In fluorescence cauauci by a I053 of 
quenching. However, they utilized a 
cnmplesr probe design Uiat requhes add- 
ing nucleotides to botii ends of the 
probe cequ<ince to form two imperfect 
bairpins. iTie results presented here 
dcniuii^uate chat the simple addition of 
a reporter dye to one end of an oligonu* 
eleotlde and a cjuenchoi dye lo ilic oUiui 
*nd generates a fluorogonic probe that 
can detect iiybridi;eatlt>n or VOIK ampltn- 
oition. 
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Wc have clevelopGd a novel "real tlnw" quanOuilvc PCR mcihod. The method measures PCR procinn 
ac uSdortlXugh a duaMabdtd nuoro^entc probe {Lc. TaqMan Prob.). This method provl^^^^^ 
acairare and reprodudbie quanlUation of gene copies. Unlike oth^r quantJlallv. PCR meihods, rc.l-i me PCR 
does nor requite po«-PCR sample handllnfi, prcvendns potential PCR produa carry-over ^onra'"';]^ "^"/l^^^^ 
resuidn, liTmuch^ter and higher riiroughpuc assays. The r..Uim PCR method has a vc;7^^^rf^^^^^^^^ 
ranee of starting targer molecule deiermln.itlon (at lea.i five orders of magnitude). ReaWnie auanlliarlvc 
PCR b exiremcly accurate and less labor-intensive than airrenc quantifative PCR methods. 



Quantitative nucleic acid sequence analysis Has 
had an im]>oflam nile in many fields of bioiogi- 
Oil research. Mcasuieuieni of gcwti expression 
(RNA) lias bcwT^ u<ied cxtcniiivcly In nionilodng 
biological responses lo various bliniuli (I'm c\ al, 
1 99^1; Huanft el al. l99S*i,l); l^fud'honimc et al 
1995), Quantiiatlvc gen<* analysis pNA) has 
Ix-cii used Ui dttiermine the gcntnuc 4U4iiiUy of ^ 
particular genevas in tl>c case of tlic human HER2 
gene, which Is amplified in -30% of breast tti- 
mors (Slamon ti ai. 1987), CJcnc and gcnomi- 
quantitation (DN A and RNA) also have been tised 
for analysis of human inununodcficicncy virus 
(iUV) burden dcmonstrnling changes in the lev- 
els of vlriw tluoughoul the different phases of Uiv 
disease (Connor et al. 1993; Platak ci al, .iyv:$h; 
I'UTtado et al. 1995). 

Many methods have been described for rlu: 
quantitative analysis ot nucleic acid sequences 
(boin for RNA and DNA; South<;TH 1 V/6; SJiarp cl 
al. 1980; Thomas 19K0). Recently, PCK ha.^ 
proven to be a powerful tool for. quantft alive 
nucleic acid anal>'sls. PCR and reverse transcrip- 
tase (R'1>PC.R have permitted Ibe analysis of 
minimal starting quantities of nucleic acid (as 
little ai one cell equivalent). This has made ]X)s- 
sJblc many experinionls that could not hove, been 
performed with tnadiiiona! methods. Although 
PCR has provided i^owcrful tool, it is imperative 



thai it l>e u^cvl liropcrJy for quontiiuilon (tt»«y* 
maeKm 1995). Many early rejxjrls of quanliu- 
tivc I'CR and RT-PCK described quantitation of 
the PCR product hut did not measure the Initial 
target sd^qucncc quantity. li is essentiaJ to design 
proiK-r controls for Ihc quantitation of the initial 
tarpet sequences (Hcrrc 1992; CloTnentl ci al. 

HvN*:»tfchcis have developed several methods 
of quantitative VCML and RT-PCR, One approach 
measures PCR product quantity in the l<ig phase 
of the reaaion before the plateau (Kellogg et al. 
1990; Pans ct al. 1990). This method requires 
ihai each saniplc has equal Input amounts of 
nucleic add and that each sample under analysis 
amplifies with Kicid ic^l efficiency up to the point 
of quauiiliirivc analysis. A gene sequence (con- 
tained in ill! .samples at relatively constant quan- 
tjti<?sv, such as p-acl)n) c^n be us«d for samjilo, 
uorpliTicatJon eiHcicncy normaiization. Using 
conventional methods of PCiR detection and 
quantitation (gd electrophoresis or plaio capture 
hybridization), it is extremely lal^orious to a5«ujc 
that all samples are analyzed during the log phase 
of the rcaciion (for lH)lh the target gene and the 
nonnalizatinii gene). Anoiiier method, qtianllta- 
live competitive (QC)"1^C'H. has been developed 
and is liJJcd widely for PC:r quantitation, CJOPCR 
ritlies on ihe inclusion of an internal control 
competitor in each leacllon (Becker-Andre 1991; 
Hatak ul al 1993«,h). The <i^aclcin«:y of each rc. 
action is nortualii^ to the Internal compeitior. 
A witown auwiunt of InttuiiaJ comt^ciitof can be 
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nJdod in oach ft;\in{Jk*. To oblain rel;<livf n*»''»n^ 
totlon, Ihc ufikiutwn urgct T'CR pKKluin is awn- 
j)arcd with the known competitor iK"M product. 
Success uf a quarMllaUvc cuinpciilivo PCU assay 
reii^ on acvcloplng an tntcrnal cx;jUrt.>J llml am- 
lAiCnVi wUh IhC same efflcttmcy a?* llic iuinvl aiol- 
exilic. "rhC design of the cunipctilui and Ibc vnJI- 
aaiion of amplification cffjcicneic:^ jcquirc a 
dedicated cffoH. Hmwcvci', l^ccnusc QC:-1K:h docs 
not require Ibal K*K jxiKlucls be <in«lyy:i:d during; 
Che lo,^ pha>c of Uic aiuplincation, it Is tlii; cvaslcr 
vf lh« iwci methods to u:fe. 

Severid dtttecikjn nyjiicuu miv UMtd fcii quan 
tUaiive PGR and RT-.1>c:u analysis: (1) a^juroso 
^vlsit (2)iluum<.ml labdIiiH of K:U pioduci* and 
detection with l«.ic?T-iiuIuccd flucircAcx'iicc \iaUi||; 
capillary ele.t:tr<jphoT^;«i» (Ka»t.'« ct aJ. 1995; WIU 
IJams CT al. 1996) or acrylaauldc ycltt, and (3) iilwic. 
capUirct and sandwich pxubc tiybrlUl/4i|iott (Mul- 
der «Sl ah 1994). Although these fJIcOitKis jmivrd 
successful, each method requires posl-)*CR ma- 
mpularlons that add tlint! to l!ie anulyMs «jiO 
may lead tu labuiaUMy 1 4>nUii'iiiiation. The 
sample ihmuglipul uf Uiv^c iiirllioU> i.s limited 
(wlljl Ihir i-xc.cpllon of the plolc cnplurc ap- 
proach), tlutntfcjru, these mcihods. ore not 
well >uhrd hit uSvr.> dciuandhi^ ^^'^(^'^ sample 
throughput (I.e., acrcx^niu^ of lar(;e nujnbcrs of 

1iUitu\it«n.uI<;> in uiialy/.h)^ cV^inplva fux dia^iiu^*- 
lie* clinical (rtal.N), 

Here we rc^jx^rt the. dcviilopnient of a novel 
iiA5ay for quantitative DNA analysLi. Tlie aitsay is 
liased on iht: u.nr. of ihtt 5' nucU'tt.w as^ay flrat 
described by Holland et al. (1991). Tiie Jijvlliod 
xisvji the y nuclca.ic aciivUy of 7Vu/ |x/lyinc.ra.He to 
dcave a noncxtcndlblc hybridlzatiofi prohc dur- 
h)j^ thr c>ctcii:iion j>haar of I'CU.. Ilu: a|9ftrua<:h 
duiil-lnbcJcd fliioro^cnic hyhridl/.ntJon 
probes (Lcc ct a). 1993; noasler et al. 1993; Mvo!« 
rt a!, 19950, V>). One n\Jore»cvnt Oyv .tervca a> a 
reporter |FAM (i.e., C^carbox/nworei^-ciii)! and 
emission spectra is quenched by the second fltic»- 
re.'^'.Knt dye, TATyfRA (j-caHxjxy-tetfamethyl- 
rliodaminc). TJic nwclcasc dcj^radiition of the hy- 
hrldixiitlon pnjhi* rclt'asus Hr* quencliiiig of Ihc 
I'AM fluuresceul cuxissUui, rcbuUinK in an In- 
crease hi pexik fluorescent emission at Sjy nm% 
The use Of a be<:jucncc detector (ADI I'lism) allows 
mcasuicmeni of fiuore^ciuir xpccira oi all wcll^ 
Lrf" the thermal cycler continuously during the 
1*C^ amplication. Thcrcftjre, the rcucliou^ aje 
latMiUt^rcd ni nral luue, Tiie output data is de- 
scribed and quajjtitaUvc aimlysh of input Uii;ct 
DNA sequences LS discussed tidim. 



MEAIUML OUANIIUIIVI KJf 

RESULTS 

PCR Product Dcn?cTlon in R«al Time 

11k' goal vvas to develop a high-throughput, son* 
sitivv, unci aei'uraie gene quanlhatlon as«ay for 
U5C In monitoring lipid mediated tVuirapOUTic 
gene dHivc.ry. A piasinid encoding human factor 
VUl gene sequence, pl«*8TM (sec Methods), was 
used as a mwM Uierapcutic k«"<i- 'Hie assay iisr^ 
fluorescent Taqman methodology him) an Instru- 
monl aijiablt: of measuring fluorcsceiice in real 
Ihnc (Abl Prism 7700 Sequence Delcclnr), nut 
■laqniati rttacilon requires » hybrldhKition jirohr 
lttl)eled Willi two different fluorciiccnt dyes. One 
dye li a fOporUir dy« (I'AM), the other ix :i quench- 
ing dye (TAMRA). When the pmU: \s Inlacl, fluo- 
Acscciil energy transfer occurs and the reporter 
dye fluorcscetit emission is absorbed by the 
qucncliing dye (TAKfRA). During Die extension 
phase of the PC:K cycle, the nuorcscx'iil hyhrid- 
ly.*illon jirol>c U cleaved by the S'-.H' nucleolylic 
acOvity of tlic ONA polymerase. On cleavage of 
the pi-obc, the reporter dye emission is nti lonfter 
Iratinfcrrcd efficiently to ti»e quenching dye, re 
suithiK h* 0" Uicreasc o( the reporter dy« fluorct;- 
ceiit cint.i.ilou ii}>«etr«. PCR primers ond prubutt 
were dcM^mtd foe iht^ huaiaa factor VllJ se- 
quence and human p-ac.tln gene (as dt.^cnbed in 
Methods). Opiiuiization reactions were per- 
formed lo choose the appropriate prol»e ami 
mngnesUtni conccnuations yielding ihe luKhe^i 
Intensity of reixsricr fluorescent signal without 
sacrificing specificity. The Instrumonl uses a 
charKv coupled device (I.Cw CCD eameru) for 
mca.'ftiring the fluorescent c^inlasioi: spectni from 
^iCKl id C,$0 nni. Mach ]X:r tul>c was monitured 
st-^iueiitiaUy for 2/> m.s«c with ciMitlnuous Jnonl- 
tonnjc; thr^>vi^ho\it th« ttiiipHfictiti«>ii. liach lube 
wa.-* rr-exanilrjcd every ft»5 :K'e. Computer s<>fl- 
warc wa.s dcu^si^ned to examiiiv tlie fixi orescent In- 
tensity of both the rei>orrer dye (KAM).and 
the quenching dye O AMIIA). *J'hc lUiorcsccAt 
intensity of the quenclilng dyti, 'l*AKlilA, changes 
very Utile over the course of the PCR ampllfl- 
cation (liata not shown), 'Hierttforc, the Intensity 
of TAMRA dye emission serves as an luiernal 
.fiandaj^d with which lo nortimllyxj the reporter 
dyi: (HAM) emission variatJons, Tl^e software eal- 
culate» a vaUn: termed ARn (or ARQ) using the 
followlnij equation: ARn - (Rn^) (Hn"), where 
Rn'* emission iutcjjshy \>t icporicr/cini5si*>fi in- 
tensity of quencher at any given thuc in a rettc 
tloii tube, aiiil Rn r- emission intensitity of re^ 
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poncr/emisstOT) Jnu-niil^ i>r qucucUcr mco.Hurcd 
prior 10 I'CK iinJpJiHcalioii in Ihar $amc niactioa 
UihQ, Vor the purpose of quaiitUatiou, Ihc 
three data puinis (ARns) cornrticO tiurlng the 
tv.iiJ»iOJi step for each VCH cycle were anaJy/cd, 
The nudeulyiic dcgracliiTUHi of Ihc hytjrul»uiriojv 
fjrobe occurs (luring ihe cxtcnsxun phas^or n^i^ 
and, therefore, reporter fluorescent aiiwMun in- 
creases Uuring this time, *nii- ihjcc daui i>olntH 
were averaged for cacii KJK cycle and ^he inc«ii 
value fiir each was plottitd in an "anipmication 
plot" shown In J'l)jure 1 A. TIic Al<n mean va)iu» \s 
plO\ied on the }'"axJs, and time, represented l;y 
cycle nitmber, is piolted on Ujv ;«-»xis. tXirlng ttie 
early cycU--s.af the PCU ampHflcatlon, xhv ARn 



vaJuc remains at basiif iJno When xufficleni hy- 
bri<U/iiiU>n prohc h»'iS bocn cleaved by Uje Ttu) 
jxjlymcrase nucl<}!Afi6 activity, lh« ialciisily of ro- 
ixjrtvr DxiorcAcicrti eml5a<on Inf-'rewtiw.* ^'loAt WTU 
5»iiiplir»v4iljons rciich a plaieao phnw' Of reporter 
fJuoTCH-wiil cmifision \f the icacliiwi Is ccirrU»d nnl 
lo high t^cle ijujiiIhiin- The amji^lillraUon plot Vj 
oxttniiiu:tl vuily in \hi^ reaction, ut a point 
icjjicscnts 1 hi- log phm' of prcH-Uici aconnula* 
tion. Thii Is done by uisignlng an aibiUaiy 
ihi-cshoki thai m b«scd on the varuil^ilUy of the 
bi)s«-lincdMU- In Mgure 1 A, the lhfe.<hold whssci 
jii 10 stnndiird UeviiiHoiiK «bovc ihc nie;ni of 
line enajMiuiii calculated from i.yv;Ic& 1 lo Ifv 
Once the threshold is chosen, llic point at which 
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Figure 1 PCR product detection in real time. W The. Model 7700 Mjflware will consima ^^;P^»^f^^;?*'J*^^ 
frSn the extension phase fluorescent emission data codeaed during the PCR ampHflCdUon. Tlie standa^l de- 
;;:;Ln is determined from the data points collected from the base Hne of the «^Pj"^^^^^^^^ ^ 
calculated Iw determining the point at which the fluorescence exceeds a threshold llrnii (usually lo umes me 
S.^^^^^^^ of thc'baseSSe), (fi) Overlay of amplification plois ^^^Jt.^^^^^^^ 
: ONA samples amplified with p^ictin primers. (Q Input DNA concentration of U)^J^J^Pj^ f^f!;!,!^".^^^^^^^ 
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the amplificntioM plot cro&sca the threshold 's 
fined AS Cp C,- is rc|X)ricd a« ll\c cycio number ;it 
tliiK point. Aft will be dQmonstruto<i> ihit CI, .value 
h pitrdicUve of tlic quantity of input tiirj^v.i. 

Ci- Values Provide a Quantitative Meai{urcmcnr.o>' 
Input larger Sequencer 

Figure 1R shows amplificatitin plcK« of lii*dilrTtsK. 
enl PGR eirtpllficallofts ^vcHaM. 'ii-^c «mplif»?(a- 
tions v^'erc porfoniicHl on a 1 :2 serial dJlutton tA". 
human genomic J)NA. 'line amplified tarficl wiu 
human p actin. The :)mp1jfi<::ition ))1ots Khlfl to 
the right (to higher threshold cycles) t\% the injnil 
lAfgoi qtiantlly h reduced. Ihu Isi oxpoctod ho- 
(!auK« nmctloriK with fower starting copias of the 
target molecule require greater amplification ip 
degrade enough probe to «tTiiin iho Threshold 
fluorescence. An arbitiaiy threshold of 10 stan- 
dard dcvlallons above the base line was used to 
detenniiietliv Cl-i* values. Figure IC represents the 
C!,. valxjes^ plotted versus the sample dilution 
value. Bach dilution was amplified in triplicate 
PC:r ampllfiaition.s and plotted as mean vahies 
with error bars representing one standard devia- 
tion. Hic Cry viilucs decrease- linearly wj(h increas- 
ing largei quantity. Thu:?, c;,. valui:s can be used 
as a qunntitative measu/cmcni of i he input target 
number. It should be noted that the ampllfica- 
libn plot for the 13.6* n^ sample shown In IHgure 
IB docs not reflect the same fluorcsccm rate of 
Increase exhibited by tiiosT of the other samples, 
llic ]5,6-ng sample also at hieves endwint pla- 
teau at a lower fluorescent value than would he 
exfx:cted ba.sed on the Input i>NA. This phenoirj- 
cnon has been oljticrved occasionally widi nt)ier 
samples (daun not nhowu) arul may be attribut- 
able to latA cycle inbibttioji; this hyjxuhcsis is 
still under btvestigalion. It is important to note 
that the flattened slope and early plateau do not 
impact signine^intJy the calcuiatinl value us 
dcmimstrateil by the Hi on ihe line .shown jn 
FisuH! 1 C, All fripllcaic amj5lincatlt>ns ri!sulte(l in 
very similar d- values— the standard deviation 
did not e?<cee.d 0,5 for any dliullon. this experi- 
ment contains a > 3 00,000-fold range of Input tar- 
get molecules. Using C,. values for qunniJtaiion 
permits a much larger assay range than directly 
using total fluorescent emission inlcnsity for 
qujiniitation. Tlie linear range. ol lluoresceni in- 
tensity measurement of ihe AUI }»rlain 770t*) &e- 

anuni 
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mffVts over n very l»rj]»e r;inj><« ni r<*l;i1ivr* «t;4rnnfi/ 
lar^c*t quantities. 

Sample h-eparaclon Validation 

:i«fveral parameters influence the eflicl<M.iry nf 
PC:r umpiificHtion: magnejslum and suit conceu: 
tiMtioiK, fohctlon conditions (i.e., tiitie and ie.n>- 
pe.rature), PCU target size and composition, 
primer sequences, and sample purixy, All of Tlic 
.abt>vc (actors are ccnnmon to a sinj^lc vCm assay, 
except sample to sample purity, in an effort to 
validate the nK.thod of sam])le preparation for 
thclacior Vill assay, PCKanipliticotion reprndnr. 
ibihty and olficlcncy ol JO replicate sample 
])re|iaratioTiR were examined. Aftctr genomic ONA 
wax jjrepared from the 10 replicate samples, ihc 
DNA wa:^ quajjlUalcd by uit/avlolcl spcciroscopy- 
Amplillcallons were performed analyzing p-acUn 
^viK\ content In 100 and 25 nj; of total >;en(UMic 
IWA. liach I'C:k ampllflcailon was performed in 
triplicate. C^umparison of C^|. values for each tri]). 
. licate sample show ininimal variation i^ast-d on 
standard deviation and coefllcient of varianee 
O'abic 1). *l*herefore, each ol the triplicate PC:u 
amplifications was highly reproducible, (h'lnon- 
siraiing that real time PCJ< using this instfumcn- 
tnllon introduces minimal variation Into the 
quantitative. J'CK analysis. 0)7npHrison of the 
mean Cq values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded suniiar 
results for p-aclln gene quantity. 'J he highrjit C>r 
tlifference between any of the samples was 0.85 
. and 0.73 for the 100 and 25 n^ sinnples, respec- 
tively. Additionally* the ainpllflcation of eadi 
sample exhitntetl an equivalent rate of nuorcs> 
cejit emission inlcnsity change per amount of 
l>NA target analy/.ed as indicated by similar 
sloj^es derived from Ihc sample dilutions (Fig. 2). 
Any sample containing an excess of a 1*C1( inhibi- 
tor would exhibit a greater measured 0-aciln C^r 
value for a given quaniiiy of UNA. In addition, 
the inhibitor would be diluted along with the 
sample in the dilution analy.Ni.'s (l ig, 2), altering 
the expected c:,. value change. Each .sample nm- 
pJlficotion yielded a siinilar result in the analysis, 
demonslrating^ lliat tliis method of siimpJe prepn- 
ration is highly reproducible with regard to 
sample purity. 

Ouantitartve Analvsis of a Plasinid After 

7nc« no/ Rf»« W4 ftc:frT 7nn7/cn/7T 
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Toblv 1 . RoproduelblUt/ of Sumplc Pr«|>arAt(on Method 



Sampio 
no. 



1 
2 
3 
4 
S 
6 
7 
8 
9 

10 

Mean 



100 ng 



standard 
deviation 



CV 



18.24 
18.23 

18.33 

18.35 

18.44 

18,3 

18,3 

18.42 

18.15 

18.23 

18.32 

18.4. 

18.38 

18.46 

18.54 

18.67 

19 

18.28 

18.36 

18^2 

18.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42. 

18.57 

1 R.66 

(1 10) 



1«.27 

18.34 
18.23 



0,06 
0.06 
0.07 
COS 



18.42 0.0^ 



18.74 0.24 



18.39 0.12 



18.63 0.16 



18.29 0.1 



18..^S 
18.12 



0.12 
0.17 



0.32 

0,3;^ 

0.36 
0.46 
0.23 
1.26 
0.66 
0.83 

0.6S 
0,90 



25 ng 



20.48 

20.55 

20.5 

20.61 

20.59 

20.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21,04 

21.04 

20.67 

20.73 

20.65 

20.98 

20.84 

20,75 

20,46 

20.54 

20.48 

20.79 

20.78 

20.62 



mean 

20*51 
?n..^4 



20.86 
20.51 

20.73 
20.66 



standard 
deviation 



0.03 
0.11 



20.54 0.06 



20.43 0.05 



20.73 0.13 



21.06 0,03 



20.6R 0.04 



0.12 

0.07 

0.1 

0.19 



CV 



0.17 

0.54 

0,28 

0.26 

0.61 

0,15 

0.2 

0.57 

0..32 

0.-16 
0.94 



(or coiit:iiniae a partial cUNA for human facior 
vm/pi-gTM. A series of in*rt»fccijons wa^i set 
wp using a decreasing amount of ihc pla$iiud\40, 
4, (1,5, and 0.1 jjLg). IVvtiniy-rotjr hours poi^l- 
lr?«rK5f<;ftinn, total HNA wa* purlflrd fn>in each 
ftok uf Lrlh. p-Avliii gruc quiiiilily wa^ clic>:»v.'n ^J^ 
a vahjc foi* normali^'.^l i« m of ;;v.iiumic. I'JNA con- 
CcnrruUuii fixjtiirttdi ^aiiiple. hi this cAptriifiivnt, 
ti-actm K^-nc contctii should rcniain consuJiT 
relative to rural xvnoinic DNA. FlKurf;^ stiows ihc 
result of the p-actUj DNA inea.suTemenr (100 ng 
total DNA dclcrmined by ultraviolet spectros- 
copy) of each saiiiifte. Kach j^mple wa5 analyzed 
in triplicate and the. mean p-aclin C:^ values of 
the triplicates were plotted (error bars represent 
r+^^i.itti-n ri«*%#f:aiioni 1 h#» htPhf»j;r niffrrrnrr 



bt'twvwu any lwrv«amjil<t mooj'tfi Wax 0.9S C,h Ten 
nanograms of total UNA uf «ac)i $ain|>Ic: were alijo 
examined ft>r p-actln. llic results a^^uJn .showed 
thai very shtular aniount.i of genomic 1>NA were 
present; tJu^ maxlnium mean fi actin value 
dlffercj>ce wa.s 1.0. As I'ifiure sho-w.^, tlie rate of 
P-actJu C,. uhaMKe lx.awecn the 100 and lO-ng 
sttjnplct was similar (£]o|>e valuer rang« Huhvpon 
3,56 and - 3.45). Th\!i verifies again thai i hit 
method of .sample preparation yields sarnjjlos of 
jdciitical ?Cn integrity (i.C-, no .cample cont.^ined 
in excessive ainauai of a PCR Inblbilor). ITnw. 
ever, th<.-se results indicate that each sample con- 
tained slight diffciences in the acttiAl amount of 
gciiumlc ONA analysed. Determination of act\ial 
tfunujnic i>NA concentration was aeeinnplished 
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Figure 2 S^ii iipfe prepardiion pun'ty. 1 he replic<it<t 
samples shown In Tablo 1 wor<» hWo antplined In 
tripicate iising 25 ng of «a<h DNA Sample. The fig- 
oife showi die input DNA conccntf«lion (TOO Arid 
25 ng) vs. C, In ihi* liijurp, ih<» 100 and 75 ng 
polfUs for <iach sample are connected by a fine. 



l>y plollJng the mean |^*iictn) C, value obtained 
for «at!Ji 100' Ilg SHi<lp]<J Mil .» p-i»cthi stnndartl 
i.-uive (showii In J'iH» <>cUnil Rcnomlc 

DNA conccntr;i<l<"» each 5W7in»l«, was ob 
tallied by extrapolation tliu x*aKl&. 

riftufL- 4 A shows tlic iucaswrcd (l.tf,, nuA- 
normoUTicd) qUfHiUticN uf factor VJJ) plnHinid 
ONA (pJ*8l7vt) from each' of tl^c four transient cell 
tni> Infect Ions. Each reaction contained 100 tiff 
total sample? IDNA (as detwtnncd by UV spcctroK- 
cojiy). I'ACb sample wu.s iiualyzed in tripliLatc 
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Figure 3 Arialybb uf lidnsfectcd cdl DNA quonlity 
and purity- I he DNA preparotJons of Uic lour ;?93 
cell transfeclions (40, A, OS, and OJ jxg of pF8TI^) 
were analy7ed for the P-actln g<iTitf» 100 and 1 0 ng 
(delcrmtned by ulcraviolel spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transfected, the ^-aciln 
Ct values are plotted verstJS the total Input DNA 



Ul Al riMh OUANTITATIVH TCK 

'1>C:U irtrtplificatioDy. As shown, plBTW purified 
ifxiuic Jtic 20H cells docTWiscK (mean C, values in- 
crtv.t.^t^l with decreasing amounts <if pla^nild 
arumlrUcd- The mc»n vulucs obtoJned for 
pFtJTM "in TlgufC 4A were plotted ou a standurd 
curve cc«mprl.Hetl uf seilally dihilcd pFHl'M, 
shown .in figure 4R. Tlie ^uanlHy uJ phXI M, h, 
found in each <>( the four tranfifoctlons was de- 
termined by cxtrnpoiation to the x axlt of tho 
standard curve In I'i^ure 4H, 'llutse uncorrected 
values, b, for pWJ'M were 3K>ni)a1}yAi<i to deter- 
mine Uie actual amount of pl'Sl'M f(.i\ind |xir 100 
nK <)f genomic DNA t>y ti.<ting the cquaticm:. 



/» X 100 



(f 



nciual pf-friTvl c(»pies oer 
^100 ng of genomic DNA 



rrrmriT 



where actual gciioniit: I JNA in u sarnpic and 
h ^ pl-fl'lTyl copies from the standord curve. 'IIjc 
norm£Uir.«d s^uantity of pVH'Vhd per 100 ng of gc- 
nomxc DNA for each of the four Iransfcctlons Is 
snown III Figure 4JJ. 'nie.Nt: f t::»uU?i 5ho>v ilini ihc 
quantity of factor Vin plasmiO a:>stn.Jated wiili 
t)ic celLs, 21 hr Mfier irun«rvc.ii<iM. diH.u:aSi:?. 
with dcercuslUK pJit>tiiuJ uiiu.iinLiatioii u.sed hi 
ihis ifaii:i/ci.nion. TIk: quantity of pi'«*J'M asaocJ- 
uicu with 293 celb, after irunsfccUoji whh 40 ^tg 
of piiiKnUd, was 35 pg per 100 ng i;enuin!c 1>NA. 
This results in -520 plaaiiiid copies per tx*ll. 



DISCUSSION 

Wo have described a new method for quflnliiut- 
inj> gene copy numbers using reAl-tlmc analysts 
of PCR amplincaticmx. ReaMimc PCK is comj^ai- 
iblc with cJtbur of the two KIR (KT-PCR) ap- 
proaL'ho: (1) quanlllativc con»r^i^*«^*-* where aw 
inteinal cuinpclUoj' for each target sequcfjce h 
tiscd for noimahi'-aUon (data not shown) or (2) 
quantitative comparative PCH u^jJug u tnntuAlM- 
tfou gene contained within the sample (Ut*., (3-nc- 
till) or a "houstrJceeping" gcnp for in-JH.:K, If 
equal auiounts of tmclcic ucui are anaJy/.ctl ft^r 
each sample aiul if the amphfloiUun effitiwu-.y 
before qa<inTltat1ve aiiuiysi^ o identical for each 
saniplei ihe ixiTernai cujjIujI (nuimiOi/'Hition gene 
or competitor) should Rivc equal siKnals for all 
samples. 

The real-time PCH inelhod offers sevenil ad- 
vaiilagc.^ over the other two mclhods trurrcnlly 
employed (sec Ihc introduclion). Mrsl, the reaU 
time PCR method is perfonncd in a doscd-lubc 
system azid requires no post-PC^R manipulation 
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Figure 4 Quantitative ftnolyKi* of pFSTM in Iransfccted ccNi. Ampuni of 
plasmid DMA u:icd for Ihq trunjfectlon ptottcd again&l Uic iiivari C, value deter- 
"]iSvt ^^''.^^^'^^ remaining p,^ hr after ironsfectJon. (0,0 Standard curvns of 
plRlKA and fi-actln, respccUVcly. prOTM DNA (fl) flind genomic PNA (Q were 
dilutftd «AHa!ly 1:S before amplrflcMlcn with the opproprlnlc primers. The |*-aclin 
standard curvo wau usod lo norn>ali>c the results of /t to TOO f ig of cenomtc DNA. 
<0) The amount of pFSTM prcicni per 100 ng of genomic DNA. 



of 5;;implv. Tbereforc, Ihf p^itvntin] for TCR con- 
i^mlnotictii in the lalxiraiory is reduced bccauNv 
ampilflud produciK cam »ijHlyy.e<l and disposed 
o| without opening tiu' ru;tcti^in tubc^ji. Scctnul, 

UMt K>{ a tKidtiiilix.iilJuiJ 
gene (i-c, P-actin) for quantitalfve PGR or house- 
kvephig genes for cjt^^nOtiitivc RT-l'CK controls. 
Analysis Js performed m real time during the Jo^ 
phase of product occumulallon. Analysis dtjrlnR 
loK phase permit.^ many different |;cncs (over « 
wide input tarftrt range) to be anaiy;'£d 5lmuluv 
iu:ou5ly, without concern of rcochijig rwcilon 
platcnu at different cycle;*, Tluai will make ijiulll- 
^cn<! ftt)aly$b a65ay9 much ca^lci iv Ocvclop, bo- 
coum; individual internal uiirit^iUui> will nui be 
needed for coch gene under anoly»l9. Third, 
.%dinplc throughput will ijiciea>e dfttfuaiicdUy 
Willi the new mell-iod Ixcausc there no |kjM. 
IX'M pmcc;wing time. Additionally, woiking In a 
9<Vwdl fonnat h highly cuuipatibltt wfth autO' 
million technolo(^. 

Ihe real-time PCR method i^ highly reprr>- 
ducibie. Hcplicaie. ampilncaxions can be a.ualy^vd 



for ci'.'ieh sample niinimlidng j>otcntl»i <frror. I lur. 
Nysutifi allows* i\>r n very large assay dynamic 
runfte {upproadiins l,OO0,0i}{M<iUl Marting tai- 
ftcl), Valu^ u NlanOnrcl curve for the target oJ in- 
terest, relative copy nuniber vuJucs can be dclcr- 
mincd for any uiiknuwii .>aiiiylv« I'iuoriisctnt 
threshold values, 0,v ct«irJatr. Hrivarly with rela- 
tive DNA copy number.^ Ileal time quanlltatlvt: 
KT-rCJlt mclhodology (CiJbsoji et al., this liwuc-) 
ha.i abobcRn devdopcd. I^inaliy, real time qu<tji- 
titative I'CU methodology can be uicd Cu develop 
high-tlirouj;hput »creenljig aa.iay.i for a variety of 
apj^llcatlons fquantllallvc gene c^fnra&iuu (K*!- 
rCll)j Rene copy an.i2iy:» <ltcr2, IhV, etc.), gcni> 
typing (knockout mou^c analysis), and Imniuno- 
PCUJ. • 

RcaUtime r<*U xtiay alM> \ytz j>erfr>rmcd using 
infcrc^ihiiing dycM (HIgiiciW ct al. ^WA) such tis 
ciJiJdiiuTi bromide. The fluorogenic probe 
method offers a major advantage over inter- 
rataiing dyes---grcatcx specificity (i.e./ primer 
dimvrs and nonsjHsdnc PCR products are not de.-. 
t^A^ted). 
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METHODS 

Generation or <i Hasinid Coiualnlns a Partial 
cDNA for Human Factor YHI 

Tutal RNA hurvTAlcd lttNA>'^*> H (nt«i M <«l Test, Inc, 
hrH:"«S5WOod, TX) froju %.-v]\> ii-*04fcclLtl wUh a facior VMl 
rx|ire!i!fiuit rtJCtor, pCMSZ-tk-^^O (Kotou vl WHO; Oof» 
mnn ci al. 1900), A factor VII! |>a«lal cDNA «rfvpi(*iuv WAS 

^,*fi*irnicd by irr i»(':u K:<»iicAmi> VX t'nu ItNA Xli 
(pan NW)R-(nyy, AppJu**) uiosysicmji, VosU'i CMy, 

u&ln^ ihv l»<:u iJi-itJicrs Wfor miuI l-*ft/ev (priiiwr 5U'qiifiiri-N 
aro iihown below), nii* ampUcon wns feampt'ifii'tl a.^lnR 
nioilifK-U I'flfof and I^^rcv primers (apix-mUsl wlUi hmrtUl 
3nrt ///mini rcsUlcllon 5irc sequences hi Uk- <Tt^) uiu^ 
clonal into jHiliM- 32 (IVontiiju CU>fp,. MuUwou, WJ). Tho 
rcsLillIn^ clone, iiWM. was uwfl lar transient transfealon 

of cdiA. 

Amplificailon of Target DNA aiiU Dciecilon of 
Amplicon Factor VIII Plasmid DNA 

(phifi'M) was dinjiimcii wiui iiiv |niif>vi^ iw^jf 5'-<x;c:- 
(rr(K;(:AAUAu:jxjA<:tiicn\V3* an<i >'»r<rv 5'-AAA<;<7r- 

iUOCCrrOCiA'IXiJrrAC'SCi-.'^^.HK: ivbciUui pioJiKf J tt •♦^.2- 
iip k*;k produci. Tnc forwMfd pniiwf wiia ilviixiivtl tu ict* 
ogiilxc tt iMjlMuif Mfftivint- Amiid Iii (he S' untr^nslllt^d 
rc^lun of Ihu irdiciil (XJ152.{5t,Z2|) {tldMiiUl dittl (hurcforc 
(Uiv» K'UJH'^^'^* ^"'^ rtiiipUfy ihc Uvimaii fdctnr VIII 
gvT»Vr I'rimnfK woro chofion ivitli tlw ;<vyis^^iir*c of tlx* oonu 
imlcr pro>;runi OW^xt (Ntiliiwuil Uiuffcionccs, Inc, iMy- 
mouth, MN). The human p-acttw ^,t*nv whs ainpHned wllh 
lUc prliuco A.rwftfU primer TCAOCX!ACtA<rr(rr 

GCCCATCrrA^XiA-.^' aii4i 3-aciin luvcrsc |niwcr .S'-CAf 
C0GAACC:c:fri'<:Ari(iC:CAAJ'CG-3'. The reaction pro- 
flucco a ^V5 rip i»C:k prtKluti. 

Ampuricatton rcaciiom (SO ti4) cohtiiiiieil a DNA 

wmpie, lox h:i\ nnftM it (*s h-D^ 200 itw UAiT, dcrrr, 

dGTP. and 'KW |tM dirri», 4 mM MgCI;,, l.V-S Ui>Hs AmpJI 
7Vj(/ r;NA poiymcxwc, 0.5 luut Aiiiprjrpsc urflcll N-fiiy- 

iNMyluM- (UNO)^ &0 |>inolv vf CAch facUri VIII (irliiivi/ und 1£ 
ptif<»l(* <tf uttoli p Acttn piUit<^r. 'Iluf K'acllwik^ tilv<« irimlolncJ 
one of iht: fpMowh»H d'Mcction pr4>lM»s (Umj rntli)^ 
J'tii»r^.i»<- A'(i'AM)Ac:crrrr]'(:c:AC(:T<;crn'<yri'r(:rtri-- 
GCCTT(TAMRA)p 3' «uti p-«tiin proU* 5' (TAM)ATC;f.x:c;- 
X(TAMHA)CCCCCATGCCATCp-3' whcrr p indicates 
plirk.^phory}i)ijr^n nnd X indicates a linker arm nuciccitide. 
Reaction Ui(k*5 wen- MSt:rt9Afi\p Optii'&i 'I'ltbcs (part Aum- 
licrNKOI (19.1.1, Pcrldii tUnwr) that wurv f rvKtiKl (i(t }K«ri;l«i 
I;lnicr) to |>i\-vcnl ligM from /cncctlng. ')\»bc cap* w<?rc 
slmilai' tn MicroAtiip i^nps iHil specially dc^iiAiicd to pre- 
vent llKhi scaf (vnitS'-AII «i{ I Ik- IH:U iStMiMtitnhlvii'it wcry BVi>t- 
(Jicd 1/y PK Applied Wotfy^teinji (Poalof ^JWy except 
ihe factor VIU primersi vmIiIc^ xyndirslxcJ at Cvnvn 
lech, Inc. (South f»*«n rmnclsco, CA), Proljcv ww dc^^igniKl 
UAing tlic 01jgf.» ^.0 5oflwarc, f«)n<.»>vinK gHldi'lIiK'v* nu^- 

jiCMca in inc Model 7700 .sequence i>euru>r IiiauuihciiI 
manual. Hrlcny, prulie ^liiMjId lie a1 least 5"C h\t/ihrr 
man Tilt* atini^utUj){ l<?tU|.VMlurc: u.ncd dufi/i« Ifii-rmftl ey- 
ding; primers sltovid not fuiin nUitW duplcxett' wlili llu- 
prnbr. 

The tUcritJ4il i-yrHng cunUitlOtVH Inctudvd 1 iulii M 
5U*'C isnd 10 niin at 95*C\ 'llicriual <.-ycUng prorrrtlrd wIlJl 



rfactioiis were |M!rfonned imho Model 77(U), Sequence IV- 

tcn-tof (rii ApplU'd Ulus>'vU«uiv), w»hlr!i Cdiilahu n Ociw- 
Amp Vi 'U. .Systirm W«X>. kcracllon ctniOition^ w«-rf pin» 
gniMinicU »Ji» .1 l'v*w»r Macint«Mii '/lOO (Appie C>.ViMpi»<(*r, 
Santa Clara, t:A) iinkcd diivtily »o the Model 
<juci!w IXiloctor. Ati»1y»U *>f data w»i* alw.i iWT</ffm^d (in 
lUv Mnt if^Urth compvitcr. f *.rtllne<U>n and stnalyKifi cofiwate 
wiu Uovclo|Wl Ht 10% Applied niofcyKluitis. 



Tranifection of Cells with Faaor VIII Gjiistrucl 

Pout TUS Haslu of 293 cells (ATC^! ClU, \$7M a human 
fetol kidney M>jipension cell line, wvrc ^ruwu lo 800(> con- 
Huenvy iift».1 tranifctied pt'lflM. Cclk wore grcjwn in the 
tollnwlu^ mcdlnj Sm HAM'S HI2 without GUT. 50% li>wi 
iducoM JXiilKa'n's imidlfJcd J-^kIc inaiiuin (UMIvM) wllh« 
otrt glycine witli sodium bicarixinatc, 10% Ictal Uwinc 
avnim, 2 ihm i,-i;luUininc, and 1% penicillin-Mrcptomy- 
*.)n. I hc nwdia waj diao^'cd 30 niln i>cf^»"» tli<* iransfcc 
tion. pi'U'l'M DNA amounts of ^0, 4, 0«^, and OJ were 
iiaiiwi io ^^ mi of a sulntk)n containing; 0,i25 m c:oCV 
and 1 X Ml'jncS. l^he four mixhm*:* wore left al rt>o)n tfiM- 
iwinun* f<M H) mln and ihcix acUU-*! drnpwtftc lo tl»v« cells, 
•lliv n*«>k» i*viv;n«.uljalcd at 37*C: anrf t'lt^Jj for 24 hf, 
vvashcd with rhs« «*imcJ r^x«u»pcndcd In PIU:. The tvnm 
^fK'nxUrd cclli were divided ijilo (»liqu<>ts uod l^NA wft4 tM* 
tmcted Innncdtutcly iuui}; IhcQIAu/uii KUmhI Kil (Q»ip;en. 
aj<n.'»m»rlh, CVS), l>NA w».s diil<-d Inlo 200 p.1 vi 20 mw* 

Ti-u-iiattipiitt-o. 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumor igenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-l and WISP'2, that are up*regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISP'3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (0 C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracylihe repressibie promoter, and (ii) Wnt-1 transgenic 
mice. The WISP»1 gene was localized to human chromosome 
8q24.1-8q243. WlSP-l genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to > 30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISPS 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to > 40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP'2 mapped to human chromosome 20ql2- 
20qI3 and its DNA was amplified, but RNA expression was 
reduced (2- to >30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumor igenesis. 

WnM is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian ceils, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic, protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitu lively active glycogen 
synthase kinase-3p (GSK-3/3) resulting in an increase in 
P-catenin levels. Stabilized jS-catenin interacts with the tran- 
scription factor TCF/Lef 1, forming a complex that appears in 
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the nucleus and binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (A PC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
/3-catenin levels (9). APC is phosphorylatcd by GSK-3ft binds 
to 3-catenin, and facilitates its degradation. Mutations in 
either APC or /3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigcnesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, XnrS, a member of 
the transforming growth factor (TGF)-/3 super family, and the 
homeobox genes, engrailed, goosecoid, twin (Xtwn\ and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 
and WISP'2, and a third related gene, WISPS, The genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
/low, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TOP, transforming growth factor; CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF100778, AF100779, AF100780, and AF100781). 
tTo whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 /xg of poly(A)'^ RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 /xg 
of polyCA)-" RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP- 1 were isolated by screening a AgtlO mouse 
embryo cDNA library (CLO^^^ECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WlSP-l 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
coding full-length mouse and human WISP-l were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 /iM of each dNTP at 
94''C for 1 sec, 62'C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. ^^P-labeied sense and antisense ribb- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP'2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma ceil line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2(Act) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the S£ of the gene copy 
number or RNA expression level. The WlSP-spccific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP^l and WISP'2 by SSH. To identify Wnt- 
1-inducibte genes, we used the technique of SSH using the 



mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues. 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-1 and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-l cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. 1 A and B), Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on P-catenin levels (13, 14). Expression of WlSP-l was 
up-regulated approximately 3-fold in the C57MG/Wnt-i cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-l mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-1 were isolated and the 
sequence compared syith mouse ^f75P-7. The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of ^40,000 {M, 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. lA). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of ««27,000 {M, 27 K) (Fig. IB), Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 
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Fig. 1.. WISP-l and WISP'2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WlSP-l {A) and 
WISP-2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poiy(A)"*^ RNA (2 /ig) was subjected to Northern blot 
analysts and hybridized with a 70-bp mouse ^75/*- /-specific probe 
(amino acids 278-300) or a 190-bp W75/*-2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridizedwith 
human 0-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-l (A) and mouse and human WlSP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP)» and C-tcrminal (CT) domains arc 
underlined. 

position 197. WlSP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-l. 

Identification of WISP'S. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-l protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WlSP-3 cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354raa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-Hnked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
human WISP proteins shows that WISP-l and WlSP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-l and 32% identity with WISP-3 (Fig. 3/1). 

WISPs Are Homologous to the GTGF Family of Proteins. 
Human WISP-l, WISP-l, and WISP-3 are novel sequences; 
however, mouse WISP-I is the same as the recently identified 
Elm] gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WlSP-l are homologous to the recently 
described rat gene, rCop-l (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
. includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemo tactic and mitogen ic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-^ (17). Cyr61 is an extracel- 
lular matrix signaling molecule that proniotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GGGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-l and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PGR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WlSP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wi!- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WiSP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines, is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WlSP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WlSP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISP-S was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISPS 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In S'uu Localization of WISP-l and WISP-2, Expression of 
WISP-1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- - 
sion of WlSP'l was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D), However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-l, WISP'2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 £-//). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. (Ay C, E, and G) Representative hematoxylin/eosin-statned 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WJSP-1 expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power {A and B), 
expression of WISP-l is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D), and tumor cells are negative. 
Focal expression of WISP-1, however, was observed in tumor ceils in 
some areas. Images of WJSP-2 expression are shown in E-H. At low 
power (£ and F),.expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H), 



the predominant cell type expressing WISP-1 was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WlSP-l is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16,31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28), Preliminary fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISP-3 mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM21l2e5 
(lod = 1,000). WISP-3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27, 29). 

Amplification and Aberraot Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-1 resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
assessed by quantitative PGR and Southern blot analysis, (Fig. 
5 A and B). Both methods detected similar degrees of WISP-1 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-1 locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PGR (Fig. 6). The copy number of WISP-1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors {P < 0.001 for each). The 
copy number for WISP-3 was indistinguishable from one {P = 
0.166), In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-1 (P < 0,001). 

The levels of WISP transcripts in RNA isolated from 19. 
adenocarcinomas and their matched normal mucosa were 




Fig. 5. Amplification of WISP-1 genomic DNA in colon cancer ceil 
lines. {A) Amplification in cell line DNA was determined by quanti- 
tative PGR. (J5) Southern blots containing genomic DNA (10 ^g) 
digested with £coRI (WISP-1) or Xbal (c-myc) were hybridized with 
a 100-bp human WISP-1 probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the MSP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 heahhy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PGR (Fig. 7). The level of WISP-l 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, mSF-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-l, WISPS RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fig, 7. WISP RNA expression in primary human colon tumors 
relative ■ to expression in normal mucosa from the same patient. 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PGR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISP'3 ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant ceils have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-l, WISP-2, and WISP-S, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISP^ are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., /3-catenin-TCF-l/Lefl). The increased levels of. 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through p-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which, in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-l, and WlSP-3, 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-/3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WlSP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, .WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown thai integrin av03 serves as 
an adhesion receptor for Cyr61 (33), 

The strong expression of WISP-l and WISP-l in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
■ tissue formation during wound repair. It has been proposed 
that mammary tumor ceils or inflammatory cells at the tumor 
interstitial interface secrete TGF-^l, which is the stimulus for 
stromal proliferation (34), TGF-pl is secreted by a large 
percentage of malignant breast tumors and may be one of the 
.growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-l and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WlSP-l 
and WlSP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WlSP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP'3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP^ was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP'2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-J, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coH and p-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic 0-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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methods. Peptides AENK or AEQK were dissolved in water, made isotonic with 
NaCl and diluted into RPMI growth medium. T-cell-proUfcration assays were 
done essentially as described*"*^'. Briefly, after antigen pulsing (30p.gmr' 
TTCF) with tetrapeptides (l-2mgmr'), PBMCs or EBV-B cells were 
washed in PBS and iixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration ofO.lM and the cells were washed five times in RPMI 
1640 medium conuining 1% PCS before co-culture with T-cell clones in 
round-bottom 96-weU microtitre plates. After 48 h. the cultures were pulsed 
with 1 piCi of -thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 fig TTCF with 0.25 fj-g 
pig kidney legumain in 500 \i\ 50 mM citrate buffer, pH 5.5, for 1 h at 37 **C. 
Glycopepttde digestions. The peptides HIDKEEDI. HIDN(N-glucosamine) 
EEDI and HIDNESDI. which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were . 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5mg reduced, carboxy- methylated human transferrin followed by 
concanavalin A chromatography". Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The lyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5,5, 10 mM 
dithiothreitol. 20% methanol Digestions were performed for 3 h at 30 'C with 
5-50 mUmI'' pig kidney legumain or B-ccU AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgmf' a- 
cyanocinnamic acid in 50% acetonitrile/0.1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. • 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fa5/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism,' such as virus-infected or tumour ceUs^ Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumou^ studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily^. Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
. sequence, which is followed by four tandem cysteine -rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG)^ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane -asscociated,. 
molecule. We expressed a recombinant, histidine-tagged form of 
PcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown), DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant l.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL^ (Fig. 2a), but not to cells transfected with 
TNF*, Apo2L/TRAIL*'•^ Apo3LrrWEAK"'', or OPGUTRANCE/ 
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RANKL'^'^ (data not shown), DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFRl. Gel -filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K^ = 0.8 ± 0.2 and 
I JiO.lnM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus. DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3'-Fc on apoptosis induction by soluble 
FasL iri Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble- FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 jigml"'- Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent p^ocess^ Consistent with previous results'*, activation 
of interleukin-2-stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 



induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from -^65% to 
--30%, with half-maximal inhibition at —lixgrnl"'; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL'^ 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human OcR3. a. Alignment of the 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG); the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the A/-linked glycosylation site (asterisk) are 
shown, b. Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the DcR3 cDNA as a probe and blots of poly(A)* RNA (Clontech) from 
human fetal and aduit tissues or cancer cell lines. PBL, peripheral blood 
lymphocyte. 



Figure 2 Interaction of OcR3 with FasL. a. 293 cells were transfected with pRlC5 
vector (top) or with pRKS encoding fult-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area), TNFR1-Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FAGS. Statistical analysis showed a significant difference (P < 0.001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE. phycoerythrin- 
labelled cells, b. 293 cells were transfected as in a and metabolicaliy labelled, and 
cell supematants were immunoprecipitated with Fc-tagged TNFRl. OcR3 or Fas. 
c. Purified soluble FasL (sFasL) was immunoprecipitated with TNFRl -Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d, Flag-tagged sFasL was 
incubated with OcRS^Fc or with buffer and resolved by get filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Flag. e. Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Rag. 
Inset competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PGR)*' in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification* 
ranging from 2- to 18-fold (Fig. 4a. b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3 -based PGR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-ceD carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent firom adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene ampHfica- 
tion, as shown by (quantitative PGR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is fiinctionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 
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Rgure 3 Inhibition of FasL activity by OcR3. a. Human Jurkat T leukaemia cells 
were incubated with Flag<tagged soluble FasL (sFasUSngml'^) oligomerized 
with anti-Flag antibody (0.1 M.g mP') in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGl arid assayed for apoptosis (mean ± s.e.m, of 
triplicates), b. Jurkat ceils were incubated with sFasL-Flag.plus anti-Flag antibody 
as in a, in presence of i y.Q ml'' DcR3-Fc (filled circles). Fas-Fc (open circles) or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c. Peripheral blood T cells were stirnulated with PHA and interleukin-2. 
followed by control (white bars) or anti-CD3 antibody (h'lled bars), together with 
phosphate-buffered saline (PBS), human IgGl, Fas-Fc. or DcR3-Fc (10 M-g ml"'). 
After 16 h. apoptosis of CD4* cells was determined (mean t s.e.m, of results from 
five donors), d. Peripheral blood natural killer cells were incubated with ^'Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles). Fas-Fc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of ^^Cr (mean ± s.d. for two donors, each in tripiicate).- 
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we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM2 18xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone's insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3-linked reverse marker showed an average amplification of 
roughly threefold, slighdy less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the *epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that. DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand- family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands. as do some other 
TNFR family members, including OPG^*''. . 

FasL is important in regidating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas^°. A second mechanism involves proteolytic 
shedding of FasL from the cell surface". DcR3 competes with Fas for 



a b d 




Figure 4 Genomic ampliftcation of DcR3 in tumours, ii, Lung cancers, comprising 
eight adenocarcinomas (c, d. f. g. h, j, Ic, r), seven squamous-cell carcinomas (a, e, 
m, n. o, p, q). one non-smalk:ell carcinoma (b). one small-cell carcinoma (I), and 
one bronchial adenocarcinoma (I). The data are means ± s.d. of 2 experiments 
done in duplicate, b, Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c, in situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cetl carcinoma of the lung. A 
representative bright-field image (left) and the corresponding dark-field image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S). blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplification of DcB3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and fonvard. Rev and Fwd). the 
DcRS-linked marker T160. and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < O.Oi for a Student's Mest 
comparing each marker with DcR3. 

701 



Natura ® Macmillan Publishers Ltd 1998 



letters to nature 



FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin- 1 has been 
described^'. In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL- related apoptosis- 
inducing molecule Apo2L". Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
OPG\ which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L'^ Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family Hgands, 
thereby modulating the antiviral immune response^ Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. D 



Methods 

Isolation of DcR3 cONA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifescq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861. 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PGR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs. one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size tb that of 
the initial clone (data not shown). 

Fc-fuston proteins (immunoadhesins). The entire pcR3 sequence, or the 
ectodomain of Fas or TNFRl, was fused to the hinge'and Fc region of human 
IgGl. expressed in insect SF9 cells or in human 293 cells, and purified as 
described". 

Ruorescence-activated cell sorting (FACS) analysis. We transfected 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 

encoding full-length human FasL^ (2 jjLg). together with pRK5 encoding GrmA 
(2ji.g) to prevent cell death. After 16h. the cells were incubated with 
biotinylatcd DcR3-l:c or TNFRl -Fc and then with phycoerythrin-conjugated 
streptavidin (GibcoBRL), and were assayed by FAGS, The data were analysed by 
Kolmogorov-Sniimov statistical analysis. There was some detecuble staining 
of vector-transfected cells by DcR3-Fc; as these cells express litde FasL (data 
not shown), it is possible that DcR3 recognized some other factor that is 
expressed cbnstitutively on 293 cells. 

Immunoprecipitation. Human 293 cells were transfected as above, and 
meubolically labelled with [^^S] cysteine and [^^S] methionine (0.5 mCi; 
Araersham). After 16 h of culture in the presence of z-VAD-fmk (lOp-M), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl -Fc 
(5 fig), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified. Flag- tagged soluble FasL (1 p.g) (Alexis) was incubated 
with each Fc-fusion protein (I jig), precipitated with protein A-Sepharose, 
resohred by SDS-PAGE and visualized by immunoblotting with rabbit and* 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25p,g) was 
incubated with buffer or with DcR3-Fc (40 ^.g) for 1.5 h at 24 °C. The reaction 

was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0,6-ml fraaions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 yA aliquols into microtitre 
wells precoated with anti-human IgG (Bochringer) to capture DcR3-Fc, 
followed by detection with biotinyiated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Galibration of the column 
indicated an apparent reladve molecular mass of the complex of 420K (data not ■ 
shown), which is consistent with a stoichiometry of two DcR3~Fc homodimers 
to two soluble FasL homotrimers. 

EquilitKium binding analysis. Microtitre wells were coated with anti-human 
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IgG. blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
Ugged soluble FasL plus DcR3-Fc. 

T-qeli AlCD. GD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-GD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 M-g ml"') for 24 h, and cultured 
in the presence of interIeukin-2 { 100 U mP') for 5 days. The cells were plated in 
wells coated with anti-GD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later by FACS analysis of annexin-V-binding of CD4* cells". 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donOrs using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with '*Cr-loaded Jurkat cells at an effector- 
to-target ratio of 1:1 in the presence of DcR3-Fc. Fas-Fc or human IgGl. 
Target-cell death was determined by release of in effector- target co- 
cultures relative to release of ^*Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by J, Kera 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluororaetry. Amplification was determined by quantitative PGR" 
using aTaqMan instrument (ABI). The method was validated by comparison of 
PGR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAG 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (TI60), which is 
linked to DcR3 (likelihood score = 5.4), SHGG-36268 (T159). the nearest 
' available marker which maps to --500 kilobases .from T160, and five extra 
markers that span chromosome 20. The DcR3 -specific primer sequences were 
5'-CTTGTTGGGGGACGCTG-3' and 5'-ATCAGGCCGGGACGAG-3' and die 
fluorogenic probe sequence was 5'-(FAM-ACAGGATGCGTGGTGGAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramiditc. Relative 
gene-copy numbers were derived using the formula where ACT is the 

difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA, 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes'. The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralogous £. co/i 
proteins is composed of ABC transporters^. Many eukaryotic 
proteins of medical significance belong to this family* such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated With antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from' Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nudeo- 
tide-binding domains (NBDs). which arc highly conserved 
throughout the family, and two transmembrane domains'. In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fiised into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and E. co/i'*^"* is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP2, 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins', is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM*. The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysisS the requirement for both subunits to be present for 
activity*, and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer*. HisP has been purified 
and characterized in an active soluble form' which can be recon- 
stituted into a hilly active membrane-bound complex". 

The overall shape of the crystal structure of the HisP monomer is 
that of an *L* with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. I). A six-stranded (3- 
sheet (P3 and p8-p 12) spans both arms of the L, with a domain of a 
a- plus P-type structure (pi, ^2. p4-p7, al and a2) on one side 
(within arm I) and a domain of mostly a-helices (a3-a9) on the 
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Figure 1 Crystal structure of HisP. a. View of the dinner along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 A. comparable to that of membrane. a-Helices 
are shown in orange and p-sheets in green, b. View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The 0-strands at the dimer interface are labelled, c, View of one monomer from 
the bottom.of arm I. as shown in a. towards arm II. showing the ATP-binding 
pocket a-c. The protein and the bound ATP are in 'ribbon' and 'ball-and-stick' 
representations, respectively. Key residues discussed in the text are indicated In 
c. These figures were prepared with MOLSCRIPT^. N, amino terminus: C. C 
terminus. 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence, in real-time, was used to quantify 
gene amplification in tumor ON A. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of ONA quantiHcation. Moreover, 
real-time PCR does not require ppst-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccnd^ and 
erbB2) in breast tumors. Extra copies of myc, ccndT and erbBZ 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings, fnt. J. 
Cancer 78:661-666, 1998. 
© 1998 Wiley-Liss. Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi etai, 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gcne(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccndX ( 1 1 q 1 3), and erb%l ( 1 7q 1 2-q2 1 ) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc, ccndJ. and erbh2 proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Bems ei ai, 1992; 
Schuuring et ai, 1992; Slamon et ai, 1987). Muss et ai (1994) 
. suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et ai (1987) between 
erbBl amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
fig/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sul!lcient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used, it involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et ai, 1996; Heid et 
ai, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et ai (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fiuorbgenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et ai, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy* 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5'-3' nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (Le.. ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PGR amplification. 

The real-time PGR method offers several advantages over other 
current quantitative PGR methods (Celi et a/.. 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the Q (threshold cycle) value used for quantification is 
measured when PGR amplification is still in the log phase of PGR 
product accumulation. This is the main reason why Q is a more 
reliable measure of the starting copy, number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of G, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PGR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PGR amplification and the corresponding software processes, and 
analyzes the fluorescence data; fvi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vU) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr. 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors {myc, ccndl and erhBl\ as well as 2 genes {alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Gentre Rene Huguenin; none of the 
patients had undei^gone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular-weighi DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PGR product is first 
detected, rather than by the amount of PGR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The pararheter Gi (threshold cycle) is 
defined as the fractional cycle number, at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring Gt and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (/.e.. lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-ql3, in which no genetic alterations have been found in 
breast-mmor DNA by means of GGH (Kallioniemi et al., 1994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N*', and is detiermined as follows: 

copy number of target gene (app, myc, ccndl, erbBl) 
N ~ i , 

copy number of reference gene (a/6) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences* Ply- 
mouth, MN), EuGene (Daniben Systems, Gincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster Gity, GA). 

Primers were purchased from DNAgency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PGR products, according to Piatak et al. (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
lig of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PGR. The 5 PGR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PGR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 1 0-fold in mouse genomic DNA (Glontech, Palo Alto, GA) 
at a constant concentration of 2 ng/jil. The standard curve used for 
real-time quantitative PGR was based on serial dilutions of the pool 
of PGR products ranging from 10"' (10^ copies of each gene) to 
10-10 (102 copies). This series of diluted PGR products was 
aliquoted and stored at -80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 hg). 

PCR amplification. Amplification mixes (50 pi) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
I OX TaqMan buffer (5 ^l), 200 jxM dATP, dCTP, dOTP, and 400 
pM dUTP, 5 mM MgClj, 1.25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
SO^'C and 10 min at 95**C. Thermal cycling consisted of 40 cycles at 
95 °G for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10' to 10^ copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96- well microplate). All 
samples with a coefficient of variation (CV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells, A charge-coupled-device (GDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates Q and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESLTLTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc, ccndl and erbBl proto-oncogenes, 
and the p-amyloid precursor protein gene {app\ which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et ai. 1994). The 
reference disomic gene was the albumin gene (alb, chromosome 
4qn-qI3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/^il. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (datd not 
shown). Figure I shows the real-time PCR standard curve for the 
ath gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10^ copies or as 
many as 10^ copies. 

Copy-number ratio of the 2 reference genes (app and &\b) 

The app to copy-number ratio was determined in 18 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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FiGUR£ 1 - Albumin {alb) gene dosage by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10^ (A9), 10* {A7), 10^ (A4) to ICP (A2) and a no-tcmplatc control (Al). Cycle number is plotted vs. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 1 5 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. Ct (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one arc shown here. Bottom: 
Standard curve plotting log starting copy number vs. Q (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions {app, 21q21.2; alb, 4qlNql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et aL. 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1 .6, mean 1 .06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccnd 1 and erb52 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 1 8 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0.22) for mvc; 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1 .3 (mean 0.9 1 ± 6. 1 9) for erbBl. Since N values 
for myc, ccndl and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1 .6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccnd 1 and erbBi gene dose in breasMumor DNA 

myc, ccnd J and erbB2 gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccndJ were 
more frequent (23%, 25/108) than extra copies of erbBl (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccnd J, 2 to 15.1 for erbBl, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (T118). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbBl in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbBl). No such decrease , in copy 
number was observed with the other 2 proto-oncogenes. 

^Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southem-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N > 5). However, there were cases (I myc, 6 ccndl and 4 erbBl) 
in which real-time PCR showed gene amplification whereas 
Southem-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE I - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR mye. 
ccndl AND erbBl GENES IN 108 HUMAN BREAST TUMORS ^ 



Gene 




Amplification level (N) 






0.5-1.9 2-4.9 


£S 


myc 


0 


97(89.8%) 11 (10,2%) 


0 


ccndl 


0 


83(76.9%) 17(15.7%) 


8 (7.4%) 


erbBl 


5 (4.6%) 


87 (80.6%) 8 (7.4%) 


8 (7,4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-siage tumors, cytopuncture 
specimens or formalin-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in tumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et al, 1994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et aL, 1990), The second advantage is. the simplicity and 
rapidity of sample analysis, since no posi-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product, indeed, 
the ABI Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-nin CV of the Q value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different mns was always below 10% (data not shown). Ill 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
Ci ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained iii 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et aL, 
1996; Slamon et aL, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature. (0 Chromosome regions 4qll-ql3 and 2lq2l.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et aL, 1994). (//) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bems et aL, 1992; Borg et aL, 1992). (///) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and er^B2 amplifica- 
tion, confirming the findings of Borg et aL ( 1 992) and Courjal et aL 
(1997). (/V) The maxima o( ccndl and erbBl over-representation 
were 18-fold and 15-fold, also in keeping with earlier results (about 
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T133 
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ALB 



Ct Copy number Copy number 



27.3 



23.2 



22.1 



4605 



61659 



125892 



26.5 



25.2 



25.6 



4365 



10092 



7762 



Figure 2 - ccndl and alb gene dosage by real-time PGR in 3 breast tumor samples: TU8 (El 2, C6, black squares), Tl 33 (G 1 1 , B4, red squares) 
and T 1 45 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table II. 



30-fold maximum) (Bems ei ai, 1992; Borg et al, 1992; Courjal et 
al, 1997). (v) The er6B2 copy numbers obtained with real-time 
PGR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et ai, 1995; Deng et al., 1996; Valeron 



et ai. 1996). Our results also correlate well with those recently 
published by Gelmini ei ai (1997), who used the TaqMan system to 
measure cr6B2 amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



Tumor 




ccndl 






alb 




ficcndl/alb 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


T118 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375 


6.03 




''61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









' For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (HccndHalb) is detemiined by dividing the average dndl 
copy nrnnba value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene ampliflcation, especially for samples with high copy numbers 
(>5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erb^l) observed by means of real -time 
quantitative PCR as compared with Southem-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tiunors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et qL, 1992; 
Slamone/fl/.. 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of er6B2 (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southem blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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